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In table 6, page 48, 113.959 = E should read 113.959 = E b• 
In table 35, page 96, 63.219=E should read 63.219=Er. 
In table 56 (a), page 134, (c ') should read (ey'). 
In table 56(b), page 135, (c ') should read (cz'). 
Page 141, step 28, the reference in the first sentence to table 
56(b) should read table 56(a). 
In table 57, page 145, E" should read Ee. 
Page 146, second sentence, the reference for the M + L' values 
to table 56 (b) should read table 56 (a) . 
Page 156, table 69, (h-3c) in the heading should read 
(h-30). 
Table 74, page 159, the heading for the second column (f-30) 
should read (f-3c). 0 in the first footnote should read c. 
Tabte 75, page 159, M in the heading should read M'. 
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SUMMARY 
Punched card and calculating machine methods are given for 
analyzing data from lattice experiments. Numerical examples 
are worked out for the triple lattice, simple lattice, balanced 
lattice, lattice square with (k+ 1) / 2 replicates, lattice square 
with (k+ 1 ) replicates and cubic lattice designs. In additi011, 
brief computational directions are given for the quadruple lat-
tice, quintuple lattice and higher order lattices and for dupli-
cations of these designs. 
The use of the punched card machine method materially de-
creases the time and the chance for errors in making the com-
putations, particularly when the total number of plots is more 
than about 150 or when more than one ' character is to be 
analyzed. 
The formulas given are appropriate for any k and for an:-
number of repetitions of the basic plan for the simple lattice, 
triple lattice, quadruple lattice and higher order lattice designs 
and for the cubic lattice design and for any k for the lattice 
square with (k + 1)/2 replicates, lattice square with ( k + 1) 
replicates a nd the balanced lattice designs. 
Punched Card and Calculating Machine 
M ethods for Analyzing Lattice Exper-
iments Including Latti~e Squares 
ancl the Cubic Lattice1 
By PAUL G. HOMEYER', MARY A. CLEM' AND WALTER T. FEDERER' 
During the past few years there has been a considerable in-
crease in the use of lattice designs, introduced by Yates in 1936 
and subsequently, particularly to test large numbers of varieties 
of various crops. Since the method of analysis is complicated 
and the number of varieties tested is usually large, computation 
of the data tends to become burdensome. 
For a number of years the Iowa State College Statistical 
Laboratory has been developing punched card5 and calculating 
machine methods to decrease the time and effort and to lessen 
the chance for error in analyzing data from lattice6 experiments. 
While' all of the computations can be made with any of the 
standard calculating machines, the use of punched card machines 
for certain of the computations materially lessens the time and 
the chance for errors, particularly when the total number of 
plots is about 150 or more. The object of this bulletin is to 
give the procedures for these machine methods. Any of the 
standard calculating machines and card-punching, sorting and 
tabulating machines may be used. Instructions for operating 
1 Project 890 of the Statistical Section of the Iowa Agricultural Experi-
ment Station in cooperation with the Bureau of Agricultural Economics, 
United States Department of Agriculture. The authors are especially in-
debted to R. J. Monroe for his assistance in the early stages of developing 
punched card machine methods for analyzing lattice experiments. Also, the 
authors acknowledge the assistance, suggestions and criticisms of George W. 
Snedecor, W. G. Cochran, Campbell C. Mosi~r, Gertrude M. Cox a nd R. L. 
Anderson. . 
2 Research Assistant Professor. Statistical Section, Iowa Agricultural Ex-
periment Station; also Agent, Burea u of Agricultural Economics, United 
States Department of Agricu lture. 
3 Technician, Statistical Section, Iowa Agricul tural Experiment Station ; 
also Agent, Bureau of Agricultural Economics, United States . Department 
of Agriculture. . 
'Agricultural Statistician, Bureau of Agricultural Economics, United 
States Department of Agriculture. 
• Also known as the Hollerith, tabulating machine or electric accounting 
machine method. 
• The term lattice is used to include all experimental designs with the word 
lattice in their titles. For definitions of the various lattice designs, see the 
general references given in the introduction. 
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these machines may be obtained from the manufacturers and 
are beyond the scope of this bulletin. The following references 
may be helpful in using punched card machines: Bachne (1), 
Brandt (2), Dunlap (6) and Hartkemeier (9). 
To illustrate the numerical calculations, examples are worked 
out for the triple lattice, simple lattice, balanced lattice, lattice 
square with (k+l) / 2 replicates, lattice square with (k+1) 
replicates and cubic lattice designs. 7 They are given in detail 
so that computers will be able to follow the directions with a 
minimum of supervision. In addition, computational directions 
are given briefly for the quadruple lattice, quintuple lattice and 
higher order lattices al~d for duplications of these designs. Ref-
erences are given showing the method of analysis of other lattice 
designs. The punched card machine methods of analysis given 
in this bulletin can be adapted rather easily to these other de-
signs. . 
The method of analysis used is that worked out by Yates (16, 
18 and 19) for the recovery of inter-block information. Ref-
erences are made to the literature giving the mathematical de-
velopment, the field plans and the method of analysis of the 
designs discussed. Details of the designs are given only when 
they are considered necessary to clarify the directions for compu-
tations. General references that will be helpful in laying out 
and analyzing lattice designs are Yates (13, 14, 15, 16, 17, 18 
and 19), Yates and Cochran (20), Cochran and Cox (4;) and 
Goulden (8 ) . 
Cert[!,in steps given in the computations for both the punched 
card and calculating machine methods may be modified or com-
bined and others eliminated if desired. The types of machines 
and ability and training of computers available should guide 
such decisions. 
The tabulating machine sheets are shown for each tabulation 
given in this bulletin; however, only the first and last few list-
ings are given when the tabulation is long. 
The . only punched card machines needed to follow the pro-
cedures given are any standard card punch, sorter and tabulator. 
A duplicating punch and reproducing gang summary punch are 
useful but not essential. 
In most cases the F-test for the variety mean square based on' 
the randomized block analysis will be sufficiently accurate. For 
a more precise test see Cox, Eckhardt and Cochran (5), Goulden 
(8) and Hayes and Immel' (J.O). 
7 The writers are indebted to G. F. Sprague, Senior Agronomist, Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, United States De-
partment of Agriculture, for permission to use the data for the simple lattice, 
triple lattice, balanced lattice and lattice square expe riments and to O. A. 
Pope, formerly Agronomist, Division of Cotton and Other Fiber Crops and 
Diseases, Bureau of Plant Industry, United States Departme:ot of Agricul-
ture, for permission to use the data for the cubic la ttice experiment. 
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Certain symbols are used throughout the bulletin and are de-
fined here to aid the reader. 
k = the number of plots in a block. 
1" = the total number of replicates. 
p = the number of repetitions of the basic plan. 
n = the number of replicates in the basic plan. 
1· = pn. 
E e = the intra-block errol' mean square. 
GENERAL COMMENTS ABOUT COMPrTATIONS 
1. Computations should be made in a careful and systematic 
order and the work sheets should be properly labeled so as to 
save time, to avoid mistakes and to make it easier for the com-
puter or someone else to review the work. 
2. Computers and checkers should always place the date and 
their initials opposite their work. 
3. Always compute sufficiently accurately to avoid mistakes. 
Checking should not be regarded as a method for correcting 
errors, but rather as an assurance that no' errors exist. 
4. Before they begin, clerks should be certain that they 
understand the computations they are to make. 
5. Clerks should be encouraged to understand the meaning 
of the computations they make. 
6. Always make use of the checks that are available in com-
puting. The extra time required to carry them out is insig-
llificant compared to the time required to locate and correct 
errors. 
7. Be careful to place decimal points carefully and distinctly. 
Failure to do so is a frequent source of error. A moment of 
reflection will usually show whether or not the answer is rem;on-
ahlA 
8. When checking computations, it i' best to have two clerks 
make the computations independently of one another. Some 
clerks who are careful in making original computations are very 
careless in checking their o"m or someone else's computations. 
9. In original data, yields, etc., only three significant figures 
need be retained unless the standard errol' of a single observation 
is less than 3 to 5 percent of the mean. 
10. One of the most important checks is that made by a tech-
nically trained person with sound judgment to see whether or 
not the results of the computations make sense. 
11. When making long computations, such as the total sum 
o.f squares, with a calculating machine, record the value attained 
at regular intervals, such as the end of each replicate, tofacili-
tate the location of Dossible errors. 
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12. Data that are copied should be carefully proofed. Avoid 
needless transferring of figures from sheet to sheet or from 
machine to paper and back to machine: 
13. When accumulating a total sum of squares on a calcu-
lating machine, get the total sum simultaneously when possible. 
rfhis is a convenient partial check. 
J..l.. In addition to using all the checks for the calculating 
machine method, the computations should be verified by recalcu-
la tion. 
15. In assigning punch-card columns to a set of data and in 
punching the cards, care must be taken to line up decimal points 
correctly. When using sums obtained from the tabulator, the 
decimal point must he placed accordingly. 
16. Tabula ting machine clerks should label all tabulations 
made. 
17. When more than one character, say yield, percent pro-
tein, etc., is to be analyzed with the punched card method, the 
tabulations can be made simultaneously up to the capacity of 
the machine. Instead of wiring the machine to tabulate only 
yield, wire to tabulate each of the characters. The saving in 
time and effort in computations by using the punched card 
method increases rapidly as the number of characters increascs. 
] 8. A set of two test cards can be prepared for showing at 
a glance which columns have been wired for tabulation or listing. 
rfhe first card, in fig .. 1 (a), is punched for the tens digit of 
the column number, as follows: Columns 1 to 9 are punched 0, 
columns 10 to 19 are punched 1 and so on. The second card, in 
fig'. 1 (b), is punched for the units digit of the column number, 
as follows: Column] is punched 1, column 2 is punched 2 and 
so through !); col limn 10 is punched 0, column 11 is punched 1 
and so 011. These two cards are put throug'h the tabulator in the 
ordel' givcn abo\'e and arc listed. When the two cards are listed, 
the ("olnmns that' hnve been wired for listing Or tabnl:ltion arc 
read vcrticall:; from thc top down. To illnstratc , in table 8 the 
Labulating machine was wired to list every column indicated on 
the code card in fig. 2. A check of the listing of the test cards 
with the code card shows that the machine was wired correctly 
10 list every column used in punching the data. The test cards 
should he listed to check the wiring for each tabulation that is 
to be madc. 
19. For a partial check of punched card tabulation, always 
obtain the gTand total when possible. Before beginning any 
tabulations, thc grand total should be ycrified, using an adding 
machine. 
20. Cards that have been punched should be carefully veri-
fied pl'ior to making tabulations. 
21. In genera I, when nsing thc punched card met hod, re-sort-
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iug 01' l'etabulating is not worth wh ile. Practically all of the 
errors made will be detected by using the general and specific 
checks given and by common sense in judging whether or not 
the results are reasonable. Occasionally the grand total and the 
card counts check, yet there is an error in the minor totals be-
cause the grand total and minor totals are obtained on two dif-
ferent banks and there may be a mechanical defect in the bank 
used for the minor totals. Such errors can best be detected by 
adding the minor totals on an adding machine. Retabulatin~ 
will merely repeat such errors unless different banks are used, 
and eveil then there is a small chance that the second bank is 
defective. 
TRIPLE LA'l"l'ICE 
For the construction of the triple lattice design, the method 
of analysis and the interpretation, see Goulden (7), Cox, Eck-
hardt and Cochran (5) and Hayes and Immel' (10). The latter 
two references each include a numerical example. 
The example used to illustrate the computations in the triple 
lattice design is an experiment conducted in 1939 to test the 
yields of k2 = 81 double-crosses of COrll. There were six repli-
cates: Replicates 1 and 2 are two random arrangements of group 
X, replicates 3 and 4 two random arrangements of group Y and 
replicates 5 and 6 two random a£rangements of group Z. Each 
replicate consisted of k = 9 blocks with k = 9 plots each. The 
plots had 2 rows each with 10 hills. 
PROCEDURE OF COMPUTATIONS USING CALCULATING 
MACHINES 
For the computations of the ailalysis of variance of a triple 
lattice using a calculating' machine, it is convenient first to con-
struct five tables. 
The individual plot yields in pounds ' of ear corn are placed 
in table 1 in the random order of blocks and plots as they ap-
peared in the field. The variety codes are needed only when using 
punched card machines and will be discussed later. After proof-
ing the listing of the yields and of the variety numbers, the 
block and replicate totals and the grand total are calculated. 
These totals should be verified lfefore proceeding with the next 
table. In general, time is saved by checking each step in the 
computations before proceeding with the next. At times there 
are available more or less ~ltomatic checks which require very 
little extra work. 
Table 1 is not needed if one wishes to work directly from the 
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TABLE 1. PLOT YIELDS IN POUNDS OF TRIPLE LATTICE EXPERIMENT. 
(Variety number in boldface type followed by variety code. ) 
Replicate 1 (Group Xl) 
Block 
Block totals 
1 27- 397 20- 329 22- 342 26-386 25-375 21-331 23- 353 24-364 19-318 
36 .0 33 .7 37.6 36 . 1 35 .7 36.1 39.1 36.1 33.9 324 .3 
2 67- 846 64-813 72- 892 71- 881 65-824 68- 857 70- 879 66- 835 69-868 
35 .7 34 .7 33.4 34 .7 37 .0 33 . 2 32 . 1 33.2 32.1 306 . 1 
3 56- 725 59-758 62-782 61- 771 58- 747 55-714 63- 793 57- 736 60 -769 
31.5 32 . 2 29.5 31.2 38.7 34.4 39.0 38 . 4 34 .3 309 . 2 
4 4-144 9-199 3- 133 7- 177 6- 166 1- 111 5-155 2- 122 8- 188 
38 . 1 36 .6 35.4 34 .5 29 .6 34 .9 37 .4 31.3 35 .0 312 .8 
5 53-683 51-661 50- 659 47- 626 46- 615 48- 637 49-648 54-694 52- 672 
31.2 34 .0 24 .8 24 . 5 23 .8 27.6 23 .7 25.6 23 .8 239 .0 
6 78- 967 73- 912 80- 989 75-934 74-923 77- 956 79- 978 81- 991 76- 945 
24 .6 23.4 20.2 18 .0 20 .3 22 . 4 21.8 23 . 4 19 . 4 HJ3 .5 
7 15- 265 18- 298 17- 287 14-254 11- 221 12- 232 10- 219 16- 276 13- 287 
25 .0 24.3 23 .0 26.3 22 . 5 25 .7 30.0 20 .8 29 .5 227 . 1 
8 28- 417 35-485 36- 496 29- 428 33- 463 34-474 30- 439 31- 441 32- 452 
30 .4 30.0 22 .5 28.1 28 .8 30 . 2 28 .9 30 .3 30.8 260 .0 
9 41- 551 38- 527 42- 562 37- 516 40- 549 44- 584 39-538 43- 573 45-595 
32 .7 25 .5 28 .0 30 .5 28 .6 29 .0 29 .8 26 .7 29 .3 260.1 
2 ,432 . 1 
R epli cate 2 (Group X, ) 
Block 
1 1- 111 8- 188 9- 199 2- 122 5- 155 3-133 6- 166 4-144 7- 177 
29 .0 36 . 5 33.0 29 . 5 33.6 30 .3 30 .0 28 .7 31.3 281.9 
2 38- 527 45- 595 37- 516 44-584 43- 573 40-549 42- 562 41- 551 39- 538 
28.0 29 .9 31.9 34 .3 30 . 4 33.9 30.6 34 .6 31.8 285 . 4 
3 66- 835 68- 857 71- 881 69- 868 65-824 64-813 72- 892 67- 846 70- 879 
29 .8 32 .0 31.0 32.7 29.1 31.5 30 .5 29.2 27 .4 273. 2 
4 75- 934 80- 989 78- 967 79-978 74-923 8'1- 991 77- 956 73-912 76- 945 
25. 8 22 .6 28.0 27.5 25.6 28.8 26.5 26.9 22 . 1 233 .8 
5 34-474 32-452 28- 417 36- 496 33-463 31- 441 30- 439 35-485 29-428 
31. 0 28 .4 31.3 30 .8 32 .7 29 .0 31.9 33 . 1 32 . 1 280 .3 
6 55- 714 58- 747 56-725 57- 736 60- 769 61- 771 62- 782 59-758 63- 793 
31.1 34 . 2 31.4 36 .9 29.1 25 .5 28 .2 29 .6 29 .9 275 .9 
7 16- 276 11- 221 18- 298 14-254 13-243 12- 232 10- 219 17- 287 15-265 
31.8 34.2 31.3 32.3 36 . 2 35.0 35 .7 33 . 1 33 .9 303. 5 
8 47- 626 50-659 53-683 46- 615 48-637 54-694 51- 661 49-648 52-672 
25.4 22.5 30 . 1 26.5 32.1 27.6 28.8 27 .9 27 .6 248. 5 
9 21- 331 20- 329 26- 386 24-364 22- 342 27- 397 19- 318 25-375 23-353 




T able l - (continued). 
Replicate 3 (Group y,J 
Block 
Block total. 
1 69- 868 15-265 78- 967 33- 463 51- 661 24- 364 60- 769 42- 562 6-166 
28.9 29.5 23 . 8 30.4 30 . 0 27.5 26.2 23 . 2 25.3 244 .8 
2 58- 747 22- 342 13- 243 76- 945 31- 44 1 67- 846 4- 144 49- 648 40- 549 
26.3 23 .3 27 .5 21. 7 22. 7 24 . 2 24.0 19.8 24.9 214.4 
3 29-428 11-221 20- 329 2- 122 47- 626 74- 923 56- 725 65- 824 38-527 
23 . 0 24 . 6 22.5 26.9 23.4 22. 8 25.3 26.2 23.8 218.5 
4 23-353 . 77- 956 5-155 41-551 14-254 68- 857 32- 452 56-659 59- 758 
30 .5 26. 0 32 . 3 32.5 34 . 1 33 . 6 35.3 31.4 33.5 289 . 2 
5 3- 133 75-934 21-33 1 12- 232 66- 835 48-637 39- 538 57- 736 30-439 
36 . 3 33 . 3 37 . 4 37 . 3 37. 8 37 .9 37.7 42.8 39 . 9 340 .4 
6 36-496 63- 793 54-694 81 - 991 45- 595 72- 892 27- 397 9-199 18-298 
43. 7 34. 0 36.3 37 . 9 35.8 34.8 36.3 36.9 37 . 2 332.9 
7 64- 81 3 73- 912 10-219 37- 516 1- 11 1 46- 615 55- 714 28- 417 19-318 
34. 1 30 . 7 35.0 37. 1 31.4 34 . 9 33.4 37 .2 32.9 306.7 
8 26- 386 53- 683 35- 485 80- 989 44-584 17- 287 8- 188 71- 881 62- 782 
36 . 7 30 .6 41.2 31. 9 37 . 4 32 . 2 39.9 32.6 31. 4 313.9 
9 70- 879 61- 771 25- 375 43- 573 34-474 16- 276 52-4>72 7- 177 79-978 
33.6 31. 6 36 . 4 33.9 37 .3 33.6 36 . 6 38 .2 37.1 318 .3 
2 , 579 . 1 
R eplicate 4 (Grou p y ,) 
Block 
1 76-945 13- 243 40- 549 4-144 49-648 67- 846 58- 747 31- 441 22- 342 
37 .8 43 . 5 35 .8 38.3 31.9 41.4 42 . 2 42.3 41. 9 355.1 
2 2- 122 11- 221 47-4>26 65- 824 56- 725 38- 527 29- 428 20- 329 74- 923 
40 .5 41. 0 36 .0 39 . 1 39 . 6 34.5 39 . 6 32.5 33.3 336.1 
3 6- 166 42- 562 69-868 51- 66 1 33- 463 24-364 15-265 60- 769 78-967 
32.8 32 . 6 35 . 1 34 . 9 37 .8 34 . 4 35 . 4 33 . 5 31. 0 307 . 5 
4 25-375 70- 879 43- 573 61- 771 34-474 7- 177 52- 672 16-276 79-978 
33.9 32.6 3 1. 5 32.3 32. 9 32 . 8 33.6 31.9 31.0 292.5 
5 3- 133 21- 331 30- 439 48- 637 39- 538 12- 232 57- 736 66-835 75-934 
32 . 7 35 . 4 33 . 7 37 .4 35 . 4 34 . 3 36 . 0 36 . 6 33.0 314 . 5 
G 5- 155 77-956 59- 758 32- 452 68- 857 23-353 41- 551 50- 659 14-254 
35.3 33 . 0 38 .4 37 .4 37 . 5 34 .8 38. 1 31. 3 39.5 325.3 
7 62- 782 71- 881 80-989 26-386 44-584 35-485 53- 683 17- 287 8- 188 
30 . 7 35.5 33.6 35. 0 34 . 4 34 . 9 30 . 2 28 . 4 31.8 294 . 5 
8 46- 615 10- 219 28- 417 55-714 37- 516 19- 318 1- 111 64- 813 73-912 
23 . 1 27 . 0 27 .2 27 . 1 28 .4 27 . 5 27 . 7 26.5 27 .9 242.4 
9 45-595 54-694 72-892 81-991 27-397 9-199 63- 793 18-298 36- 496 
27 .2 29 .2 26.4 27 . 7 27 .0 27 . 2 22. 7 27 .0 29.6 244 .0 
2, 71 1.9 
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'1'n.ble l - (continued). 
- ---
Replicate 5 (Group Z!) 
Block 
Block totals 
I 55-714 34-474 75-934 65-824 24- 364 4-144 54- 694 44- 584 14- 254 
34.2 35.9 27.6 30.8 32.6 31.3 33.3 32 .4 32.6 290.7 
2 29-428 18-298 59- 758 39- 538 49- 648 79- 978 69-868 8- 188 19-318 
32.2 29.6 27.6 29.7 25.9 28.8 28 . 6 32.8 27.5 262.7 
3 11-221 81-991 1-l11 31- 441 21-331 61- 771 51-661 71- 881 41-551 
29 . 5 26 . 7 27.9 31.2 30.2 24.7 31.0 34.3 33.7 269 . 2 
4 78-967 68-857 58-747 48- 637 27-397 7- 177 38- 527 28-417 17- 287 
31.3 33.6 38.9 36.6 34.6 34.7 28.9 33 . 3 28.7 300 . 6 
[, 35-485 66-835 15- 265 5- 155 45-595 46- 615 76-945 25-375 56- 725 
35.6 28.6 30.0 34.2 29 . 0 28 . 9 21.1 25.3 27.5 260 . 2 
6 43-573 63- 793 13-243 3- 133 74-923 23-353 33-463 53-683 64-813 
25.9 26.2 30.0 26.4 27.0 29.8 32.4 31.1 28.5 257 . 3 
7 60-769 40- 549 80- 989 10- 219 20-329 70-879 9- 199 50- 659 30-439 
30.1 35.3 30.5 34.8 31.0 30.5 33.1 27.2 34.4 286.9 
8 67-846 6-166 36- 496 47- 626 16- 276 26- 386 37-516 77- 956 57-736 
33.3 31.4 34.2 31.2 34.2 37.4 36.0 31.9 39.6 309 .2 
22-342 12- 232 42- 562 52- 672 32- 452 72- 892 73- 912 2- 122 62- 782 
30 . 1 37 . 0 31.0 34.3 36.9 32.2 31.1 29 . 0 26 . 1 287.7 
2 . 524.5 
Replicate 6 (Group Z,) 
Block 
1 31-441 1-111 81- 991 41 - 551 61-771 11-221 51- 661 71- 881 21-331 
24 . 5 28 . 7 27.6 29 . 9 26.2 28 . 8 29.6 28 . 5 27.3 251.1 
2 74-923 23-353 13- 243 33-463 53--{)83 3-133 43-573 64- 813 63- 793 
26.1 26.7 27 .0 28 . 5 25.2 27 . 7 26.2 26.2 25 . 1 238.7 
3 49--{)48 29-428 69- 868 59- 758 39- 538 79-978 8- 188 19-318 18- 298 
23.9 29.6 28.2 28 .3 27 . 2 24.8 29 . 0 24.4 26.5 241.9 
4 77-956 16- 276 37- 516 67-846 36- 496 47- 626 26- 386 57-736 6- 166 
24.9 26.8 28.7 30.2 32.4 30 . 8 33.5 33 .4 36.6 277.3 
5 34-474 55- 714 44-584 75-934 14-254 24- 364 54--{)94 4-144 65-824 
37.6 35.4 38.4 29.1 36.3 31.0 29 . 5 27.9 26.6 291.8 
6 22-342 72- 892 62-782 12-232 2-122 32-452 73-912 52-672 42- 562 
24.4 21.8 23.2 23.2 26 . 5 29.2 27 . 0 28 .3 24.1 227.7 
7 20-329 40-549 9- 199 70-879 80- 989 60- 769 50--{)59 30-439 10- 219 
26.3 27 . 0 24 . 6 25.6 25 . 2 29.2 26 . 6 29 . 8 25.3 239 .6 
8 25-375 45-595 76- 945 35- 485 66-835 56-725 5-155 15-265 46- 615 
20.7 22.3 18 . 1 23.9 24.8 23.4 28.8 28.6 30 . 1 220.7 
G 27-397 28-417 68- 857 78-967 17-287 58- 747 7- 177 38-527 48- 637 
30 . 8 34.7 34.7 30 .5 35 .3 40.8 37.6 32 . G 36.7 314 . 0 
2.302.8 
Grand total 15.010 . 7 
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field record book; howevcl', most research wOl'kcl's wish an ad-
ditional copy of their data. Also it is somewhat more convenient 
to ' study and summarize experimental results when they are 
presented in compact tables. 
The replicates, two in our example, of each group, X, Y and 
Z, in table 1 are combined by variety and row totals as shown 
ill table 2. Each block in group Xl has a corresponding block 
in group X 2 with the same varieties. The same is true of the 
Y and Z groups. To illustrate, block 4 in replicate 1 (group 
Xl) and block 1 in replicate 2 (group X 2 ) both contain varie-
ties 1 through 9. The yields for the corresponding varieties 
and the two block totals are summed and placed in table 2. 
For variety 1 the yield is 34.9 in replicate 1 and 29.0 in repli-
cate 2, and the sum is 63.9, which is the first value in group X 
in table 2. The sum of the variety totals in the first row of 
group X in table 2 is 594.7. For a check, the total 312.8 for 
block 4 in replicate 1 plus the total 281.9 for block 1 in repli-
cate 2 equals 594.7. The two Y groups, replicates ~ and 4, and 
the two Z groups, replicates 5 and 6, are combined in the same 
manner. 
The variety total yields from all six replicates are placed in 



















TABLE 2. COMBINATION OF REPLICATES BY GROUPS. 
Group X (Replicates 1 and 2) 
2-122 3-133 4-144 5- 155 6-166 8-188 9- 199 
60.8 65.7 66.8 71.0 59.6 71.5 69 . 6 
11- 221 12-232 13- 243 14- 254 15-265 17-287 18-298 
56.7 60 .7 65.7 58.6 58.9 56.1 55.6 
20-32D 21-331 22- 342 23-353 24-364 26- 386 27- 397 
61.0 68 .6 68.7 71. 5 68.1 68.7 67 . 0 
29-428 30- 439 31- 441 32- 452 33- 463 35-485 36- 496 
60 .2 60 .8 59.3 59 . 2 61.5 63.1 53.3 
38- 527 39- 538 40- 549 41- 551 42- 562 44-584 45-595 
53 . 5 61.6 62.5 67.3 58 . 6 63 .3 59 . 2 
47- 626 48- 637 49- 648 50- 659 51- 661 53-683 54-694 
49 . 9 59 .7 51.6 47 . 3 62.8 61.3 53.2 
56- 725 57- 736 58- 747 59--758 60--769 
62 . 9 75 . 3 72 .9 61.8 63.4 
65- 824 66- 835 67- 846 68-857 69-868 
66 . 1 63 . 0 64 . 9 65.2 64 .8 
74-923 75- 934 76- 945 77- 956 78- 967 




Table 2- (continoed). 
Group Y (Repli cates 3 and 4) 
Row 1- 111 10-219 19-318 28-417 37-516 46- 615 55-714 64-813 73-912 totals 59 . 1 62.0 60.4 64.4 65.5 58.0 60.5 60.6 58.6 549.1 
2- 122 11-221 20-329 29- 428 38-527 47-626 56- 725 65--824 74-923 67.4 65.6 55 .0 62.6 58.3 59.4 64 .9 65.3 56.1 554 . 6 
3- 133 12-232 21-331 30- 439 39-538 48-637 57- 736 66-'835 75--934 69 .0 7l.6 72 .8 73.6 73.1 75.3 78.8 74.4 66 .3 654 .9 
4- 144 13-243 22- 342 31-441 40- 549 49-648 58- 747 67- 846 76- 945 62.3 71.0 65.2 65.0 60.7 5l. 7 68.5 65.6 59.5 569 . 5 
5-155 14-254 23-353 32- 452 41-551 50-659 59-758 68-857 77-956 67.6 73 .6 65.3 72.7 70 .6 62.7 7l.9 7l.1 59.0 614.5 
6-166 15- 265 24-364 33- 463 42- 562 51-661 60- 769 . 69-868 78-967 58.1 64.9 6l. 9 68.2 55.8 64.9 59.7 64.0 54.8 552 .3 
7- 177 16-276 25- 375 34-474 43-573 52- 672 61- 771 70- 879 79-978 7l.0 65 . 5 70.3 70.2 65.4 70 .2 63.9 66.2 68 . 1 610.8 
8- 188 17-287 26- 386 35- 485 44-584 53-683 62- 782 71- 881 80- 989 7l. 7 60.6 71. 7 76 . 1 71.8 60.8 62 . 1 68.1 65.5 608.4 
9- 199 18- 298 27- 397 36- 496 45-595 54- 694 63-793 72- 892 81- 991 64 . 1 64.2 63.3 73.3 63 .0 65.5 56.7 61.2 65.6 576.9 
5,29l.0 
Group Z (Replicates 5 and 6) 
1- 111 11- 221 21- 331 31- 441 41-55 1 51- 661 61- 771 71- 881 81-99 1 56.6 58.3 57.5 55.7 63.6 60 .6 50 .9 62 .8 54 .3 520 .3 
2- 122 12- 232 22- 342 32- 452 42- 562 52- 672 62- 782 72- 892 73-912 55.5 60.2 54.5 66 . 1 55.1 62 .6 49.3 54.0 58.1 515.4 
3- 133 13- 243 23- 353 33- 463 43- 573 53-683 63-793 64-813 74-923 54 . 1 57.0 56.5 60.9 52.1 56.3 51.3 54 .7 53 . 1 496 .0 
4- 144 14- 254 24- 364 34-474 44-584 54-694 55--714 65--824 75--934 59.2 68.9 63 .6 73.5 70.8 62.8 69.6 57.4 56 .7 582 . 5 
5-155 15--265 25-375 35- 485 45-595 46-615 56-725 66-835 76-945 63.0 58 .6 46 .0 59 . 5 5l.3 59.0 50.9 53.4 39 . 2 480.9 
6- 166 16- 276 26- 386 36-496 37- 516 47-626 57- 736 67-846 77- 956 68 .0 61.0 • 70.9 66.6 64.7 62.0 73.0 63.5 56.8 586 .5 
7- 177 17- 287 27- 397 28-417 38- 527 48-637 58-747 68-857 78- 967 72.3 64 .0 65.4 68.0 61.8 73.3 79.7 68 .3 61.8 614 .6 
8- 188 18- 298 19- 318 29-428 39- 538 49-648 59-758 69-868 79- 978 6l.8 56.1 51.9 61.8 56 .9 49.8 55.9 56 .8 53.6 504.6 
9- 199 10- 219 20-329 30- 439 40-549 50- 659 66-769 70- 879 80- 989 57 .7 60 . 1 57 .3 64 . 2 62.3 53.8 59 .3 56 . 1 55.7 526.5 
4 ,827 .3 
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TABLE 3. UNADJUSTED VARIETY TOTAL YIELDS AND c' VALUES. 
Totals for 
X grouping c ' 
1- 111 2-122 3- 133 4-144 5- 155 6- 166 7- 177 8-188 9-199 x 
179.6 183.7 188 .8 188 .3 201.6 185.7 209.1 205.0 191.4 1 ,733. 2 - 2.7 
10-219 11- 221 12- 232 13-243 14-254 15-265 16-276 17-287 18-298 
187.8 180 . 6 192.5 193.7 201.1 182.4 179.1 180.7 171; ,9 1,673.8 4.4 
19-318 20-329 21-331 22-342 23-353 24-364 25-375 26-386 27--397 
176.2 173.3 198.9 188 . 4 193.3 193.6 180.9 211.3 195.7 1,711.6 - 5.0 
28-417 29-428 30-439 31- 441 32-452 33- 463 34-474 35-485 36-496 
194.1 184.6 198.6 180 . 0 198.0 190.6 204.9 198.7 193 .2 1,742.7 6.5 
37-516 38- 527 39-538 40-549 41-551 42-562 43- 573 44- 584 45- 595 
192.6 173. 6 191 . 6 185.5 201.5 169.5 174 .6 205.9 173 .5 1,668.3 1.7 
46-615 47-626 48-fl37 49-fl48 50-659 51-661 52-672 53-fl83 54-694 
167.3 171. 3 208.3 153 . 1 163.8 188.3 .. 184 .2 178.4 181. 5 1,596.2 7 . 1 
55-714 56- 725 57- 736 58- 747 59-758 60- 769 61- 771 62"':782 63- 793 
195.6 178 .7 227.1 221. 1 189.6 182.4 171 .5 169.1 176 .9 1 ,712 .0 - 2.3 
64-81 3 65-824 66-835 67-846 68- 857 69- 868 70- 879 71- 881 72-892 
181. 5 188 .8 190.8 194.0 204.6 185.6 181 .8 196.6 179 .1 1 ,702 .8 - 1. 9 
73-91 2 74-923 75-934 76-945 77-956 78-967 79-978 80-989 81-991 
167 . 0 15.5 . 1 166.8 140.2 164.7 169.2 171.0 164.0 172 . 1 1,470.1 10.0 
Totals for Y grouping 
1639.3 15 ,010.7 1641. 7 1589.7 1763 .4 1644 .3 1718 .2 1647.3 1657.1 1709.7 
c ' -0.3 11 -3.9 - 10 . 7 -3. 4 -6.6 -0. 5 - 9. 3 -fl. 1 -4.8 
Totals for 
Z grouping c ' 
1- 11 11-221 21-331 31-441 41-551 51-661 61- 771 - 71-881 81-991 z 
179 .6 180 . 6 198.9 180 . 0 201.5 188.3 171. 5 196 .6 172.1 1,669.1 5. 7 
2- 122 12-232 22-342 32-452 42-562 52-672 62- 782 72-892 73-912 
183 . 7 192 .5 188.4 198 . 0 169.5 184.2 169.1 179.1 167.0 1,631.5 4.5 
3-133 13-243 23-353 33-463 43-573 53-683 63-793 64-813 74-923 
188.8 193.7 193.3 190 . 6 174.6 178 . 4 176.9 181. 5 155 .1 1 ,632 .9 7.7 
4-144 14-254 24-364 34-474 44-584 54-694 55- 714 65-824 75-934 
188.3 201.1 193.6 204.9 205.9 181.5 195 .6 188 .8 166 .8 1,726.5 - 1.1 
5- 155 15-265 25-375 35-485 45-595 46-615 56- 725 66- 835 76-945 
201.6 182.4 180 .9 198 . 7 173 . 5 167.3 178 . 7 190.8 140.2 1,614.1 9 . 1 
6-166 16-276 26-386 36-496 37-516 47-626 57-736 67-846 77-956 
185.7 179 . 1 211.3 193.2 192.6 171.3 227 .1 194 .0 164.7 1,719.0 - 2.1 
7- 177 17-287 27-397 28-417 38-527 48-fl37 58- 747 68-857 78-967 
209.1 180 . 7 195. 7 194 . 1 173.6 208.3 221.1 204.6 169.2 1 ,756 .4 - 4.6 
8- 188 18- 298 19-318 29-428 39-538 49-648 59-758 69-868 79-978 
205.0 175.9 176.2 184.6 191.6 153 . 1 189.6 185.6 171.0 1 ,632.6 6.3 
9- 199 10-219 20-329 30- 439 40-549 50-659 60- 769 70-879 80-989 
191.4 187.8 173.3 198.6 185.5 163 .8 182.4 181.8 164.0 1,628.6 2.6 
15,010 .7 
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ties that appeal' together in blocks in the X groups and the 
column totals are the sums of varieties 1.hat appear together 
in blocks in the Y groups. The varieties are then rearranged, 
as indicated in the lower half of the table, in such a way that 
the row totals are the sums of varieties that appear together in 
blocks in the Z groups. The easiest way to construct this table 
is to have a copy of the design showing the arrangement of the 
blocks and varieties before randomization, which is shown in 
table 2. Another way is to refer to the field plan of table 1, 
which shows the varieties that appear together in blocks in each 
of the three groups. The corrections cx', Cy' and cz' are added to 
the table later. 
The block totals from all replicates are summarized in table 4. 
For six replicates there are two columns of k block totals for 
each of the groups X, Y and Z. The block totals for each group 
are placed in such a way that the blocks containing the same 
varieties are opposite one another. For example, in the first 
set the X total, 594.7, is the sum of block 4 (312.8) in replicate 
1 and block 1 (281.9) in replicate 2. Both of these blocks con-
tain varieties 1 through 9. The second set Z total, 515.4, is 
the sum of block 9 (287.7) in replicate 5 and block 6 (227.7) 
in replicate 6. Both of these blocks contain varieties 2, 12, 22, 
32, 42, 52, 62, 72 and 73. Also notice that the set totals for the 
three groups, X, Y and Z, are the same sums as the row totals 
for these groups in table 2. In addition, table 2 indicates which 
varieties make up the totals. 
TABLE 4. BLOCK TOTALS BY GROUPS FROM TABLE 1. 
Group X 
Rep . 1 Rep . 2 
* * (4) 312.8 U) 281.9 
(7) 227.1 (7) 303.5 
(1) 324.3 (9) 277.8 
(8) 260.0 (5) 280.3 
(9) 260.1 (2) 285.4 
(5) 239.0 (8) 248.5 
(3) 309.2 (6) 275.9 
(2) 306.1 (3) 273.2 












* * 594.7 (7) 306.7 (8) 242.4 
530.6 (3) 218.5 (2) 336.1 
602.1 (5) 340.4 (5) 314.5 
540.3 (2) 214.4 U) 355.1 
545.5 (4) 289.2 (6) 325.3 
487.5 (1) 244.8 (3) 307.5 
585.1 (9) 318.3 (4) 292.5 
579.3 (8) 313.9 (7) 294.5 
427.3 (6) 332.9 (9) 244.0 
* * 549.1 (3) 269.2 U) 251.1 
554.6 (9) 287.7 (6) 227.7 
654.9 (6) 257.3 (2) 238.7 
569.5 (I) 290.7 (5) 291.8 
614.5 (5) 260.2 (8) 220.7 
552.3 (8) 309.2 (4) 271.3 
610.8 (4 ) 300.6 (9) 314.0 
608.4 (2) 262.7 (3) 241.9 










2.579.1 2.711. 9 5.291. 0 2 .524.5 2.302.84.827.3 
*B1ock numbers from table 1 in parenthesis. The block totals are placed in the table ill 
such a way that the set totals are the sums of blocks that contain the same varieties. 
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Table 5 is calcula ted from tables 2 and 3 as follows: 8 
21'kc", = (total for the X grouping in table 3) 
-3 (corresponding row total of group X in table 2 
containing the same varieties), 
2rkcv = (total for the Y grouping in table 3) 
-3 (corresponding row total of group Y in table 2 
containing the same varieties) and 
2rkcz = (total for the Z grouping in table 3) 
-3 (corresponding row total of group Z in table 2 
containing the same varieties). 
Por example, the second 2/"kcy value is -74.1 = 1,589.7 - 3 
(554.6), the varieties in common being 2, 11, 20, 29, 38, 47, 56, 
65 and 74. A~ a check, the sum of the totals of the 21'kcx, 2rkcll 
and 21'kcz values should 'equal zero. 
TABLE 5. 2rkc V ALVES. 
2rkcx 2rkcll 2rkc z 
- 50.9 - 5 .6 108.2 
82.0 - 74 . 1 85.3 
- 94 . 7 - 201. 3 144.9 
121.8 - 64 . 2 - 21 . 0 
31.8 - 125.3 171.4 
133.7 - 9.6 - 40.5 
- 43.3 - 175.3 - 87.4 
- 35.1 - 115.5 118.8 
188.2 - 91.4 49.1 
333.5 - 862 . 3 528.8 
CALCULATIONS FOR THE .\NALYSIS OF VARIANCE 
The .steps in calculating the analysis of variance al'e given 
below. 
1. The correction term for the mean is obtained by squaring 
8 The 2"ko values correspond to the L values in the lattice square design 
with (k + 1) / 2 replicates. Instead of entering the 2,.ko values as indicated 
in table 5. they may be put in table 2 opposite the appropriate rows. The 
formula for 2"ko may be written. 2,.ko = (the sum of the total yields of all 
varieties appearing in the row)-n (row total). The sums of the total yields 
of all the varieties appearing in the row are called V •. values in the lattice 
square design with (k+ 1) /2 replicates. If this alternative scheme is used. 
table 3 is needed only to get the unadjusted variety totals. The correction 
values, CZi/~ Oy' and at:', are entered in table 2, there being one correction value 
for each row in each of the three groups. This procedure of computations 
will decrease the chance for errors in computing the 2,.ko values and the 
correction values and will make them more easily understood. For more detail. 
see the instructions for the computations of V r' L and or' in the lattice square 
design with (k+ 1) / 2 replicates. 
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the grand total given in table 1 and dividing by the total 
number of plots. 
=_(15,0J...~L=463 623 69 cor. 486 ,.. 
2. The total sum of squares is obtained by summing the 
squares of each of the individual yields in table 1 and sub-
tracting the correction term. 
(36.0)2 + ... + (29.3)2 + (29.0)2 + ... + (32.4)2 
+ (28.9)2 + ... + (37.1)2 + (37.8)2 + ... + (29.6)2 
+ (34.2)2 + ... + (26.1)2 + (24.5)2 + ... + (36.7)2 
-cor. =474,736.33-463,623 .69 = 11,112.64. 
3. The sum of squares for replicates is obtained by summing 
the squares of the replicate totals given in table 1, divid-
ing by k.2, the number of plots per replicate, and subtract-
ing' the correction term. 
(2,432.1)2+ (2,460.3)2+ ... + (2,30.2.8)2 . 
81 - COl. 
= 464,818.93 - 463,623.69 = 1,195.24. 
4. The sum of squares for varieties (ignoring blocks) is ob-
tained by summing the squares of the variety totals in 
table 3, dividing by 1', the number of replicates, and sub-
tracting' the correction term . 
. (179Jil+ (183.7)2+ ... + (172.1)2 
6 
cor. 
= 466,610.18 - 463,623.69 = 2,986.49. 
5. The sum of squares for blocks (eliminating varieties) IS 
made up of two components, (a) and (b). 
Component (a) 9 is the sum of three interactions, one 
from each of the groups X, Y and Z. 
X g1'OUP 
Component (a) for the X group is computed by analysis of 
variance as follows, where p is the number of repetitions of the 
basic plan and k is the number of plots per block: 
• For three replicates component (a) does not exist, while for nine or more 
the calculations required are similar to those for six. 
• 
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Source of Degrees of Sum of 
variation freedom squares 
Group X replicates (p - 1) 1 4.91 
Set X totals (k - 1) 8 1,438.14 
Interaction (p - 1) (k - 1) 8 767.97 
Block totals (pk - 1) 17 2,211.02 
The correction term for the mean of the X group is the square 
of the total of the two X groups given in table 4 divided by 
pk2; the total number of plots in the two replicates. 
= (4,892:i2.:.= 147 75048 cor. 162 ,.. 
The sum of squares for block totals (or cells in the two-way 
table) in the X group is obtained by summing the squares of 
each of the individual block totals in the X group in table 4, 
dividing by k and subtracting the correction term. 
(3 12.8)2+ (227.1)2+ . .. + (233.8)2 
- 9 - - cor. 
= 149,961.50 - 147,750.48 = 2,2] 1.02. 
The sum of squares for set X totals is obtained by summing 
the squares of the totals of the blocks that contain the same 
variety, dividing by pk and subtracting the correction term. 
(594.7)2+ (530.6)2+ ... + (427.3)2 
------ cor. 18 
= 149,188.62 - ]47,750.48 = 1,438.14. 
The sum of squares for group X replicates is obtained by 
summing the squares of the totals of the two replicates in the 
X group, dividing by k 2 and subtracting the correction term. 
(2,432.1)2~(2,46Q..})2 -cor.= 147,755.39-147, 750.48 = 4.91 
The sum o·f squares for component (a) from the X group (the 
interaction) is the sum of squares for blocks minus the total of 
the sums of squares for grollP X totals and for replicates. These 
are the sums of squares that have just been computed. 
, 2,211.02 - (1,438.14 + 4.91) = 767.97. 
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Y and Z groups 
The procedure for computing the sum of squares for com-
ponent (a) from these two groups Y and Z is the same as that 
for the X group. The sum of squares obtained 
for group Y = 3,505.21 - (582.36 + 108.87 ) = 2,813.98 and 
for group Z = 1,498.58 - (959.57 + 303.40) = 235.61. 
The total sum of' squares for component (a) is the sum of 
the three interactions, one from each of the three groups, 
767.97 + 2,813.98 + 235.61 = 3,817.56. 
'1'he sum of squares for component (b) is given by the sum 
of squares of the three sets of the individual 2'l'kc values in table 
5w1th the divisor 2j'k, minus the sum of squares of the totals 
cf the three sets of values with the divisor 2rk2 • 




= 2,819.58 - 1,167.09 = 1,652.49. 
6, The sum of' squares for the error (intra-block) is obtained 
by subtracting from the total sum of squares the total of 
the sums of squares for replicates, for blocks eliminating 
varieties and for varieties (ignoring blocks ) . 
11,112.64 - (1,195.24 + 5,470.05 + 2,986.49 ) = 1,460.86. 
The analysis of variance is summarized in table 6. 
ADJUS'l'MENTS OF VARJE'l'Y TOTALS 
For any number of repetitions of the basic plan, if the pooled 
mean square for components (a) and (b) is used to estimate 
TABLE 6. ANAI,YSIS OF VARIANCE OF TRIPLE LATTICE EXPERIMENT. 
Source of variation Degrees of freedom Sum of .squares Mean square 
Replicates (T-1) 5 1,195.24 239.048 
Component (a) (k -l ) (T-3) 24 3,817.56 
Component (b) 3Ik-l) 24 1 . 652.49 
-
Blocks (eliminating varieties) T(k -I) 48 5,470.05 113.959 =E 
Varieties (ignoring blocks) (k'-J) 80 2.986.49 
Error (intra-block) (k-l) [k (r- l )-lJ 352 1.460.86 4.150=E. 




N b, the weighting f<1('lo l' llsed. 10 compule lhr cOl'l'ections of the 
variety totals for hlo(·k effects is 
p(Eb-E.) 
J.L= k[2pEb+(p-1)E.] J 
where p is the number of repetitions of the basic plan, Ee i;,; 
the intra-block error mean square and. k is the number of plots 
in a block.lO 
For this illustration 
2 (113 .959 - 4.150) 219.618 
J.L= ·9[2(2) (113. 959 ) +4.150] = 4,139.874 =0.053049. 
'1'hree sets of corrections, ex', ey' and ez', arc obtained by multi-
plying each of the 21'kc values in table 5 by p.. The first ex' cor-
rection is 0.053049 (-50.9) = -2.7 ; the other corrections arc: 
similarly computed. The corrections are placed in table 3, the 
ex' values opposite the l'OW totals for the X grouping, the eu' 
values opposite the column totals for the Y grouping and the 
e/ values opposite the row totals for the Z grouping. Care must 
be taken to place the corrections in the proper order. Each 
correction value should be placed opposite the row or column 
total that was used to compute the 2rkc corresponding value. 
In our illustration the correctloll values are placed in table 3 
in the same order in which they were computed in table 5. 
The adjusted variety total yields, given in table 7, are com-
puted from the unadjusted yields and the corrections given in 
table 3. The X and Y corrections arc given opposite the row 
for the X grouping and the column for the Y grouping in which 
a variety appears. The Z correction is opposite the row for the 
Z grouping in which a variety appears. To illustrate, variety 
53 appears in row 6, column 8 for the X and Y grouping and 
row 3 for the Z grouping, and its adjusted yield is 
187.1 = 178.4 + 7.1 -- 6.1 + 7.7. 
10 If the mean square for component (b) is used to estimate E., 
and if component (a) alone is used to estimate E., 
• 
If p is one, component (a) does not exist and E. is the mean square for 
component (b). If p is greater than one, E. may be det€rmined by using 
the pooled . mean square of components (a) and (b); however, the mean 
square for component (a) alone may be used with only a small loss in 
accUl'acy when component (a) has 20 or more degrees of freedom. In any 
case, if E. is equal to or less than B e, It is taken equal zero and the random-
ized complete block analysis is used. 
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TABLE 7. ADJUSTED VARIETY TOTAL YIELDS AND MEAN YIET. DS. 
-
1-111 2- 122 3- 133 4--144 5- 155 6- 166 7- 177 8- 188 9-199 
182.3 181.6 183 . 1 181.1 201.4 180 . 4 192.5 202 . 5 186 . 5 
30 . 4 30 . 3 30 .5 30.2 33 . 6 30 . 1 32 . 1 33 .8 31.1 
10-219 11-221 12- 232 13- 243 14--254 15-265 16- 276 17- 287 18-298 
194.5 186.8 190 . 7 202.4 197.8 195 . 4 172.1 174.4 181.8 
32.4 31.1 31.8 33 . 7 33. 0 32 . 6 28.7 29 . 1 30.3 
19- 318 20-329 21- 331 22- 342 23- 353 24- 364 25-375 26-386 27-397 
177 . 2 167 . 0 188 . 9 184.5 189 . 4 187.0 175.7 198 . 1 181.3 
29 . 5 27 .8 31.5 30 .8 31.6 31.2 29 . 3 33 . 0 30.2 
28- 417 29-428 30- 439 31- 441 32- 452 33-463 34--474 35- 485 36-496 
195 . 7 193 . 5 197 . 0 188 .8 202 .4 204 . 3 201.0 208.2 192.8 
32.6 32.2 32.8 31.5 33 . 7 34 . 0 33 .5 34 . 7 32 . 1 
37- 516 38- 527 39- 538 40- 549 41- 551 42- 562 43- 573 44--584 45-595 
191.9 166 .8 188 . 9 186 . 4 202 . 3 175 .2 174.7 200.4 179 .5 
32 . 0 27 .8 31.5 31.1 33 . 7 29 .2 29.1 33.4 29 . 9 
46- 615 47- 626 48- 637 49- 648 50- 659 51- 661 52- 672 53- 683 54-694 
183 . 2 172 . 4 200.1 163 . 1 166 . 9 200.6 186.5 187.1 182.7 
30 . 5 28.7 33 . 4 27 . 2 27.8 33 . 4 31.1 31.2 · 30 . 4 
55- 714 56- 725 57- 736 58- 747 59- 758 60- 769· 61- 771 62- 782 63-793 
191.9 181.6 212 . 0 210 .8 187.0 182 . 2 165 .6 165 . 2 177 . 5 
32 . 0 30 . 3 35 .3 35 . 1 31.2 30.4 27.6 27 .5 29 . 6 
64--813 65- 824 66- 835 67- 846 68- 857 69- 868 70- 879 71-881 72-892 
187 . 0 181.9 187. 3 186 . 6 191.5 189 . 5 173.2 194 .3 176 . 9 
31.2 30 . 3 31.2 31.1 31.9 31.6 28.9 32 .4 29 . 5 
73- 912 74--923 75- 934 76- 945 77- 956 78- 967 79- 978 80- 989 81-991 
181.2 168 . 9 165 .0 155 .9 166 . 0 174.1 178 .0 170.5 183.0 
30.2 28.2 27 . 5 26 . 0 27 . 7 29 . 0 29.7 28 . 4 30 .5 
S'fANDAHD ERROHS OF 'l'HE DIFFERENCES BETWEEN ADJUSTED 
VAHIETY MEANS 
1. For a triple lattice with any number of repetitions of the 
basic plan the standard error of the difference between 
two variety menDS occurring in the same block of one of 
the groups is 
J 2~e (1 + 2}l) = ~-ii[4~rsO) [1 ;;(0.053~)J 
= Y1.383-3 (1.1060) = Y1.5299 = 1.237. 
~. The standard error of the difference between two variety 
means that do not occur together in a block in any group is 
~ 2~. (1 -~ 3}l) = ~~(4·i501 [1 + 3 (0.0530) ] 
= Y1.3833 (1.1590) = Y1.6032 = 1.266. 
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3. The average standard error of the difference between two 
variety means is 
. /2Ee [1 ;-TkM-]= ./2(4.150) [1+ 3(9) (0.0530)] 
'1 r (k+1) '1 6 . 9+1 
= v'1.3833(1.1431) = v'1.5813= 1.257. 
EFFICIENCY OF THE TRIPLE ) ,A'l"l'ICE DESIGN RELATIVE '1'0 
RANDOMIZED COMPLE'l'E BLOCKS 
If the experiment were arranged in randomized complete 
blocks of k2 plots, the average error variance per plot (Eo') 
would be the total of the sum of squares for blocks eliminating 
varieties and the; intra-block error divided by the corresponding 
degrees of freedom. 
(5,470.05 + 1,460.86) -7- (48 + 352) = 17.327. 
li'or the triple lattice design. the average effective variance per 
plot is 
E. [ 1 +c; ~/.L1) ] = 4.150 (1.1431) = 4.744. 
To have obtained as accurate comparisons of treatment means 
with a randomized complete block design as with the triple 
lattice 17.327/ 4.744 = 3.65 times ,as many replicates w~uld have 
been required. This ratio expressed in percent is defined as the 
relative efficiency of the two designs. 
Thus the efficiency of the triple lattice design relative to 
randomized complete blocks is 
17.327 
4.744 = 365 percent. 
COEFFICIENT OF VARIA'l'ION 
The coefficient of variation per plot is the average effective 
standard error per plot divided by the general plot mean and 
for the triple lattice experiment is 
v'4.744 2.18 71 t 
30.89 = 30.89 = . percen. 
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CALCULATIONS USING PUNCHED CARD MACHINES 
CODING DAT.\ ,\ND PUNCHTNG CARDS 
For each plot a card is punched showing the charactel' 01' 
characters, such as vield, stand, percent protein and date of 
maturity, that are to be analyzed. Also each plot must be 
coded in such a way that the required tabulations can be made. 
To code the varieties, the variety numbers, 1, 2, 3 ... k2 , are 
,'ITanged in the three groups, before randomization, used to 
construct the design. The procedure is illustrated with niH" 
"qrieties and three replicates. 
Block X Group Block Y Group Block Z Group 
1 2 3 1 4 , 7 1 5 9 
(1) 111 122 133 (1) 111 2]3 3]2 (1) 111 221 331 
4 5 6 2 5 8 2 6 7 
(2) 213 221 232 (2) 122 221 323 (2) 122 232 312 
7 8 9 3 6 9 3 4 8 
(3) 312 323 331 (3) 133 232 331 (3) 133 213 323 
Three digits, one for each of the three groups, arc used to 
('ode the varieties. The first digit of the code is the number 01 
1he block (before randomization) in which a variety appears 
ill the X group, the second digit is the number of the block ill 
which a variety appears in the Y group and the third digit is 
the number of the block in which a variety appears in the Z 
group. For example, variety 7 appears in block 3 in the X 
group, block 1 in the Y group and block 2 in the Z group, 
g'iving the code 312. Variety 3 is coded 133 because it appears 
in block 1 in the X group, block 3 in the Y group and block 
3 in the Z group. The code 133 is punched on each card, one 
for each replicate, for variety 3. 
As is apparent, all varieties that appear together in a block 
in the X group have the same variety code in the first digit , 
those that appear together in a block in the Y group have the 
same variety code in the. second digit and those that appear to-
gether in a block in the Z group have the same variety code in 
the third digit. 
In addition, the following items arc punched on each card: 
(1) Replicate number 
(2) Plot number (optional ') 
(3) Experiment number (optional) 
(4 ) Variety number 
(5) Yield 
( 6) Variety code 
(7) Group code (X = 1, Y := 2 and Z = 3) 
(8) Any other characteristic or code one wishes to record 
and tabulate. 
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Figure 2 gives the code card used fo1' punching the data for 
the example being discussed. The order in which the data arc 
punched is immaterial so far as the tabulations are concerned. 
'l'he order chosen is the one in which the data were recorded in 
the field book and is the easiest to follow in punching the cards. 
Table 8 gives a complete reproduction of a sample of the cat'ds 
punched. When the cards are punched they should all be 
verified to locate errors. One should be certain that the data 











SOHTING AND 'l'ABULA'l'ING PIWCEDURE 
Opcmtion 
Sort on variety code by sorting first on column 
15, then on column 14 and then on column 13. 
Control on columns 13, 14 and 15 and on variety 
number, columns 6 and 7, indicate the variety 
number and the code and tabulate the yield and 
card count for the control groups. This will give 
the variety totals previously shown in table 3. 
Also, an additional check is obtained on the cod-
ing of the varieties. There should be one total 
for each of the variety numbers in the order 1, 
2, ... k 2 • In addition, the card count should 
be l' (6 in our example) for each variety total. 
See table 9. 
Sort on replicate number, column 1. 
Control on column 1, indicate replicate and 
group number and tabulate yield and card count 
for the control groups and the grand total. 
'l'able 10 shows the machine sheet with the 
replicate totals and the grand total. . These are 
the same totals obtained in table 1 using a cal-
culating machine. 
Sort on group number, column 16, and keep the 
three groups separate. 
Take the cards for the X group and sort on 
replicate number, column 1, and then sort on the 
first digit of the variety code, column 13. 
Major control on column 13 and minor control 
on column 1, indicate columns 1 and 13 and tab-
ulate yield and card count for the control groups 
and the total for the X groups. The minor con-
trol will give the totals of the blocks of the rep-
licates in the X group. The blocks containing the 
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'I'ABI,I', 8. COl\IT'LETJ'; LISTING OF' CARDS l'UNCIII·;n Fon TRI'; 
'L'RTPLF: LA'r'l'ICr.; EXPl<:RIMgNT. 
Replicate Plot Experi- Variety No. of Yielil Variety Group 
no. no. ment no. plants code code 
no. 
- --- - ------
111 111 
2~ 45 67 89 012 345 
1 33 21 1 60 349 111 1 
2 01 21 1 60 290 111 1 
3 59 21 1 60 314 111 2 
4 70 21 1 60 277 111 2 
5 21 21 1 58 279 111 . 3 
6 02 21 1 60 287 111 3 
1 35 21 2 60 313 122 1 
2 04 21 2 60 295 122 1 
3 22 21 2 . 59 269 122 2 
4 10 ~1 2 60 405 122 2 
5 80 21 2 54 290 122 3 
G 50 21 2 60 265 122 3 
1 53 21 81 59 234 991 1 
2 33 21 81 60 288 991 1 
3 49 21 81 60 379 991 2 
4 76 21 81 60 277 991 2 
5 20 21 81 58 267 991 3 
6 03 21 81 60 276 991 3 
TABLE 9. TABULATION, STEP 2. (VARIETY TOTALS, TABLE 3. ) 
Experiment Variety Variety Yield Card 
no. no. code count 
111 111 1 
45 67 345 012 1 
21 01 111 1796 6 
21 02 122 1837 6 
21 03 133 1888 6 
21 80 989 1640 
21 81 991 1721 
TABLE 10. TABULATION, STEP 4. (REPLICATE TOTALS, TABLE 1.) 
F:xperiment Repli- Group Replicate Card Card Granil 
no. cate no. code totals count count total 
1 111 1 1 111 
45 1 6 012 1 1 012 
21 1 1 24321 81 
21 2 1 24603 81 
21 3 2 25791 81 
21 4 2 27119 81 
21 5 3 25245 81 
















same varieties will be grouped together and the 
major control will give the totals of these groups. 
See table 11. 
Take the cards for the Y group and SOlt on 
replicate number, column 1, and then sort on the 
second digit of the variety code, column 14. 
Major control on column 14 and minor control 
on column 1, indicate columns 1 and 14 and 
tabulate yield and card count for the control 
groups and the grand total for the Y group. 
See table 11. 
Take the cards for the Z group and sort on 
replicate number, column 1, and then sort on the 
third digit of the variety code, column 15. 
Major control on column 15 and minor control 
on column 1, indicate columns 1 and ]5 and tab-
ulate yield and card count for the control groups 
and the grand total for the Z group. See table 
11. 
Use all the cards and sort on the first digit of 
the variety code, column 13. 
Control on column 13 and tabulate yield and 
card count. The totals obtained are those for 
the X grouping in table 3. See table 12. 
Sort on the second digit of the variety code, 
column 14. 
Control on column 14 and tabulate yield and 
card count. The totals obtained are those for the 
Y grouping in table 3. See table 12. 
Sort on the third digit of the variety code, col-
umn 15. 
Control on column 15 and tabulate yield and 
card count. The totals obtained are those for 
the Z grouping in table 3. See table 12. 
CALCULATIONS FOR THE ANALYSIS OF VARIANCE 
The tabulating machine is used to obtain the total unadjusted 
sum of squares. The progressive digit method as given by 
Brandt (2) is used. 
18. Sorter Sort on the units column (ignoring at present 
the decimal point) for yield, number 12, and 
remove the cards in such order that the cards 
with a 9 (or the largest digit present) in the 
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'rABLE 11. 'l'ABULA'l'ION, STEPS 7, 9 AND 11. (BLOCK, SET AND 
GROUP TOTALS, 'l'ABLE 4.) 
l'.:xperiment Variety Replicate Block Card Set 
no. code no. totals count totals 
Group X, step 7 
1- 0 111 1 111 
45 3 1 012 1 012 
21 3128 9 
21 2819 9 5947 
21 ~ 1 2271 9 
21 2 2 3035 9 5306 
21 3 1 3243 9 
21 3 2 2778 9 6021 
21 4 1 2600 9 
21 4 2 2803 9 5403 
21 5 1 2601 9 
21 5 2 2854 9 5455 
21 6 1 2390 9 
21 6 2 2485 9 4875 
21 7 1 3092 9 
21 7 2 2759 9 5851 
21 8 1 3061 9 
21 8 2 2732 9 5793 
21 9 1 1935 9 
21 9 2338 9 4273 
Group Y, step 9 
It 0 111 1 111 
45 4 1 012 1 012 
21 1 3 3067 9 
21 1 4 2424 9 5491 
21 2 3 2185 9 
21 2 4 3361 9 5546 
21 3 3 3404 9 
21 3 4 3145 9 6549 
21 4 3 2144 9 
21 4 4 3551 9 5695 
21 5 3 2892 9 
21 5 4 3253 9 6145 
21 6 3 2448 9 
21 6 4 3075 9 5523 
21 7 3 3183 9 
21. 7 4 2925 9 6108 
21 8 3 3139 9 
21 8 4 2945 9 6084 
21 9 3 3329 9 
21 9 4 2440 9 5769 
Group Z, step 11 
It 0 111 1 111 
45 5 1 012 1 01 2 
21 1 5 2692 9 
21 1 6 2511 9 5203 
21 2 5 2877 9 
21 2 6 2277 9 5154 
21 3 5 2573 9 
21 3 6 2387 9 4960 
21 4 5 2907 9 
21 4 6 2918 9 5825 
21 5 5 2602 9 
21 5 6 2207 9 4809 
21 6 5 3092 9 
21 6 6 2773 9 5865 
21 7 5 3006 9 
21 7 6 3140 9 6146 
21 8 5 2627 9 
21 8 6 2419 9 5046 
21 9 5 2869 9 
21 9 6 2396 9 5265 
-First digit. tSecond digit; tThird digit. 
[i8 
TABLE 12. 'l'ABULA'l.'ION, S'l'EPS 13, 15 AND 17. (SUMS O]<~ VARIETY 
TOTALS FOR THE X , Y and Z GROUPINGS, TABLE 3.) 
































• First digit. 
t Second digit. 
t Third digit. 
code count count 
X grouping, step 13 
l' 111 1 1 111 
3 012 1 1 012 
1 1733"2 54 
2 16738 54 
3 17116 54 
4 17427 54 
5 16683 54 
6 15962 54 
7 17120 54 
8 17028 54 
9 14701 54 
486 150107 
Y grouping, step 15 
It 111 1 1 111 
4 012 1 1 012 
1 16417 54 
2 15897 54 
3 17634 54 
4 16443 54 
5 17182 54 
6 16473 54 
7 16571 54 
8 17097 54 
9 16393 54 
486 150107 
Z grouping, step 17 






















units digit will be presented to the tabulator 
first, those with an 8 next and so on. If there 
are no cards for any of the digits from 1 to 
the largest digit present, put in a single blank 
card in the proper order for each of the digits 
missing so that the 9 total will be added 9 times, 
the 8 total 8 times and so on. 
19. Tabulator Minor control on column 12, turn on the progres-
sive total switches, set the counters to clear on 
the last card and tabulate the progressive totals 
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TABLE 13. TABULATION. STEP 19. PROGRESSIVE TOTALS FOR 

























































































400194 X 100 486 
4141S6.Ht 
• The progressive totals opposite the zero digits are not included in the 
sums. 
t Division by 100 is made because the yields per plot are given in tenth8. 
for yield, columns 10, 11 and 12. The last pro-
gressive total for each of the digits in the yield 
data should give the grand total. The machine 
sheet for the units digit as well as for the other 
digits is shown in table 13. 
The same process, given in steps 1 and 2 above, 
is repeated for the tens column number 11, and 
so on for each column in the variable for which 
the snm of squares is being obtained. In our 
illustration we have units, tens and hundred~ 
columns. After completing the last tabulation, 
the next step is to add each group of progres-
sive totals omitting the total opposite the zero 
digit. These sums are then added after the sum 
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for the tens digit is multiplied by 10, for the 
hundreds digit by 100 and so on. The total of 
these sums as shown in table 13 is 47,473,633 and 
must be divided by 100 to give the total uncor-
rected sum of squares 474,736.33 since the yield~ 
include one decimal place. 
If a reproducing summary punch is available, considerable 
time can be gained by obtaining the sum of squares for varieties 
1Ising the tabulating machine. When the variety sums are tab-
ulated, these sums can be simultaneously summary punched on 
a new set of cards. With these cards one may obtain the un-
adjusted sum of squares among the variety totals following the 
directions given above. If such a machine is not available, 11 
calculating machine is used to get the sum of squares because 
very little if any time is saved by hand-punching a new set of 
cards giving the variety totals. 
A 11 other sums of squares needed in completing the analysis 
of variance are computed with a calculating machine. 
The steps in computing the analys~s of variance are the same 
as given for the calculating machine. The punched card tab-
ulating machine sheets give all the basic totals needed to com-
pute the ana lysis of variance. It is usually more convenient to 
make the additional computations directly on the machine sheets. 
SIMPLE LATTICE 
For the construction and the method of analysis of the simple 
lattice design see the references given for the triple lattice. 
An experiment conducted in 1942 to test k 2 = 64 varieties and 
strains of corn is used to illustrate the computations for the 
analysis of variance. There were four replicates: Replicates 1 
and 3 are two random arrangements of group X, and replicates 
2 and 4 are two random arrangements of group Y. Each repli-
cate consisted of k = 8 blocks of k = 8 plots each. Each plot 
had 2 rows each with 10 hills. 
The procedure for analyzing the simple lattice design ]s 
similar to that for the triple lattice, except that there is no Z 
group and it is given in less detail. 
PROCEDURE OF COMPUTATIONS USING CALCULATING 
MACHINES 
Table 14 gives the individual plot yields in pounds of ear 
corn in the random arrangements of blocks and plots within the 
hlocks. The block and replicate totals and the grand total arc 
obtained and recorded as shown in table 14. 
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In table 15 the two replicates of gr'oup X and the two of 
group Y in table 14 are combined by blocks containing the same 
varieties. 
Table 16 gives the variety total yields. The row totals arc 
tlle sums of varieties appearing togethcr in blocks in group X 
and the column totals are sums of varieties appearing together 
m blocks in group Y. 
TABLE 14. PLOT YIELDS IN POUNDS OF A SIMPLJ!; LATTIC}o; 
EXPERIMENT. 
(Variety number in boldface type fo ll owed by variety code) 
Replicate 1 (Group X,) 
Rlock 



























































2 11-23 35-53 51-73 
44 . 1 31.4 34.7 
3 37-55 53- 75 21- 35 
36 . 8 33.9 29 .8 
4 14- 26 38-56 22-36 
35.9 37.5 35 . 6 
5 42-62 2-12 50- 72 
38.8 31.8 35.3 
6 24-38 40-58 56-78 
32.7 37.6 32.6 
7 47-67 15-27 63- 87 
32.0 33.0 32.0 
8 28-44' 4-14 52- 74 

























51-73 54-70 50--72 53- 75 
38.9 41.9 41.4 34.9 
13-25 16-22 11- 23 16- 28 
42.5 38.0 43.2 34.4 
27-43 32-48 28- 44 31-47 
32.0 39.9 34.4 39.9 
63-87 60-84 57- 81 62- 86 
34.0 37.7 35.8 33.3 
41-61 46-66 48- 68 45- 65 
37.2 40.2 32.7 40.2 
21-35 18-32 20-34 23-37 
30.5 30.6 30.8 33.1 
3- 13 7- 17 2-12 5- 15 
43.2 41.4 41.7 39.8 






































































































Table 14-(continued) . 
Replicate 3 (Group X,) 
Block 
B'ook totals 
1 7-17 4- 14 8- 18 5- 15 2-12 6- 16 1- 11 3-13 
43 .6 40 .0 41.5 42.6 41.4 37.4 50.3 48.0 344.8 
2 59- 83 62-86 60-84 61- 85 64-88 57-81 63- 87 58-82 
36.4 38.9 42.0 37.0 42.2 36.6 35.3 41.7 310.1 
3 11-23 13- 25 15-27 16- 28 10-22 14-26 9-21 12- 24 
37.4 37.4 38.2 37.0 40.9 42.0 35.2 34.7 302.8 
4 23-37 17-31 22-36 20- 34 18-32 21-35 19-33 24-38 
35.4 30.6 38.0 39.2 32 . 3 35.7 39.1 38.7 289.0 
5 34-52 40-58 35-53 33-51 38-56 36-54 39-57 57- 55 
32.3 34.3 36.0 37.7 42.3 34.5 36.3 43 .2 296.6 
6 53-75 51-73 &4-76 49- 71 55- 77 52- 74 56-78 50- 72 
36.2 36.8 42.5 38.5 31.8 45 .0 38 , 1 35.9 304.8 
7 46-66 43-63 47-67 44- 64 48-68 42-62 45- 65 41-61 
31.8 32.5 32.7 31.8 36.1 40.9 38.7 36.8 281.3 
8 32- 48 28-44 26-42 31-47 27- 43 30- 46 25-41 29-45 
29.0 36.0 31.5 42 .5 44 . 1 34 .8 39.0 42.0 298.9 
2,428.3 
Replicate 4 (Group y ,) 
Block 
1 63-87 55-77 7- 17 31-47 47-67 23- 37 39- 57 15- 27 
38.4 36.7 43 .8 42.1 36.8 41.4 35.8 39.7 314 .7 
2 4- 14 28-44 12- 24 60- 84 52- 74 36-54 20- 34 44-64 
37.8 24.6 30.1 35.4 37.3 36.0 35.4 33.9 270.5 
3 10-22 50- 72 58-82 26- 42 42-62 18- 32 34-52 2-12 
38.8 33 . 5 29.5 27.4 34 . 5 31.0 36.3 34.2 265.2 
4 17-31 33-51 49- 71 1-11 25-41 57-81 41-61 9-21 
34 . 5 34.2 27.5 41.7 30.7 34.2 38.8 36.9 278.5 
5 48-68 16- 28 56-78 64- 88 24-38 8- 18 40-58 32- 48 
32.0 33.9 28.4 32.4 32.5 32 . 1 39.8 35.9 267 .0 
6 51-73 19-33 35-53 11-23 3- 13 43- 63 59-83 21- 43 
35.4 33.2 19.5 33.0 31.9 28.6 32.6 31.6 245.8 
7 5- 15 53-75 21- 35 13- 25 45-65 37-55 61- 85 29- 45 
38.0 35.0 31.5 29 . 7 33.5 37 . 9 32.0 37.9 275.5 
8 30-46 22-36 46-66 38-56 62- 86 54-76 14- 26 6- 16 
35 . 0 38.5 38.7 37 . 2 36.8 36.3 39.4 36.5 298 .4 
2,215.6 
Grand total 9,223 . 1 
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TABLE J 5. COl\IHlNATION OF HKPLICATES BY GROVPH. 
Group X (Repli cates 1 and 3) 
Row 
totals 
1- 11 2- 12 3- 13 4- 14 5- 15 6- 16 7- 17 8- 18 
100 .8 83 . 1 91.2 72 .8 82 . 4 75 . 1 85 . 0 80 .9 671.3 
9- 21 10-22 11- 23 12- 24 13- 25 14- 26 15- 27 16- 28 
71.9 78.9 80 . 6 65 .0 79 . 9 79 . 5 78 . 0 71.4 605 . 2 
17- 31 18-32 19-33 20- 34 21- 35 22- 36 23-37 24- 38 
65 .8 62 . 9 70 . 4 70 .0 66.2 70 . 0 68.5 68.2 542 .0 
25--41 26-42 27-i13 28- 44 29--45 30-46 31-47 32- 48 
74.7 65.5 76 . 1 70.4 77.5 70 . 1 82.4 68 . 9 585 . 6 
33- 51 34- 52 35- 53 36- 54 37- 55 38- 56 39- 57 40- 58 
79 . 1 71.4 68 . 9 72 . 5 91.8 81.5 76.3 77 .2 618 . 7 
41- 61 42- 62 43- 63 44-64 45- 65 46- 66 47- 67 4.8- 68 
74.0 74 . 9 67 .5 61.3 78 . 9 72 .0 67 . 9 68 .8 565 . 3 
49--71 50- 72 51- 73 52- 14 53- 75 54.- 76 55- 77 56- 78 
73 . 7 77 . 3 75 .7 87 . 0 71.1 84.4 64 . 9 79 . 2 613 .3 
57- 81 58- 82 59-83 60- 84 61- 85 62-86 63-87 64- 88 
72 . 4 73.4 69.0 79 . 7 70.4 72 . 2 69 .3 81.1 587.5 
Column total. 
612 .4 587.4 599.4 578 . 7 618 . 2 604 .8 592 . 3 595 .7 4 ,788 .9 
Group Y (Replicates 2 and 4) 
1- 11 9-21 17- 31 25- 41 33- 51 41 - 61 49- 71 57- 81 
86 .5 74.0 61. 5 71.5 70 . 6 76 .8 64.7 71.4 577 . 0 
2- 12 10- 22 18-32 26- 42 34- 52 42- 62 50- 72 58- 82 
66 .0 67 . 2 57 . 9 60 . 9 68 .8 73 .3 68 .8 64.3 527 . 2 
3- 13 11- 23 19--33 27- 43 35-53 43- 63 51-73 59- 83 
67 .9 77 . 1 66 . 4 64 . 7 50 . 9 57 . 5 70 . 1 72.0 526 . 6 
4- 14 12- 24 20- 34 28- 44 36- 54 44- 64 52-74 60-84 
74.1 62 . 6 70 .3 59 . 4 69 .5 65 . 7 76.9 73.8 552 . 3 
5-15 13-25 21- 35 29- 45 37- 55 45- 65 53- 75 61- 85 
74 . 6 63 .3 61.3 70 . 9 74 . 7 63 . 7 68 . 9 60 .5 537 . 9 
6- 16 14- 26 22-36 30- 46 38-56 46- 66 54- 76 62- 86 
68 . 4 75 .3 74.1 65. 1 74 .7 75 . 6 70 .5 74.6 578 . 3 
7- 17 15- 27 23-37 31- 47 39- 57 47- 67 55- 77 63- 87 
83 . 6 72 .7 79 . 4 79. 3 72.1 68 .8 64 .2 70 .4 590 .5 
8- 18 16- 28 24.-38 32- 48 40-58 48-68 56- 78 64- 88 
69 . 1 68 .2 65. 2 69 .2 77 .4 66 . 2 61.0 68.1 544 . 4 
Column total. 
590 . 2 560 . 4 536 . 1 541.0 558.7 547.6 545.1 555.1 4 ,434 .2 
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TABLE 16. VARIETY TOTAL YIELDS AND c' VALUES. 
Row 
totals 
(X grouping) c ' 1-11 2- 12 3-13 4-14 5-15 6- 16 7-17 8-18 !t 
187 .3 149.1 159.1 146.9 157.0 143.5 168.6 150.0 1261. 5 -5.8 
9-2 1 10-22 11-23 12-24 13-25 14-26 15-27 16-28 
145.9 146.1 157 . 7 127.6 143.2 154.8 150.7 139 .6 1165.6 -3.2 
17-31 18-32 19-33 20-34 21-35 22-36 23-37 24-38 
127 .3 120.8 136.8 140.3 127.5 144.1 147.9 133.4 1078.1 -{).4 
25-41 26-42 27-43 28-44 29-45 30-46 31-47 , 32-48 
146 .2 126.4 140.8 129.8 148.4 135.2 161.7 138.1 1126.6 -3.2 
33-51 34-52 35-53 36-54 37-55 38-56 39-57 40-58 
149 . 7 140.2 119.8 142.0 166.5 156 .2 148.4 154 .6 1177 .4 -4.3 
41-61 42-62 43-63 44-64 45-65 46-66 47-67 48-68 
150.8 148 .2 125 .0 127 . 0 142.6 147.6 136.7 135 .0 1112 .9 -1.3 
49-71 50-72 51- 73 52- 74 53-75 54-76 55-77 56-78 
138.4 146.1 145.8 163.9 140.0 154 .9 129.1 140.2 1158.4 -4.9 
57-81 58-82 59-83 60-84 61-85 62-86 63-87 64-88 
143.8 137.7 141.0 153.5 130.9 146.8 139 .7 149.2 1142.6 -2.3 
Colwnn total. (Y grouping) 
1189.41ll4.6 ll26.0 ll31.0 ll56.1 1183.1 1182.8 1140.1 9223.1 -25.4 
c ' 11 
2.5 4.3 5.2 1.9 5.7 1.9 0.1 3 . 7 
TABLE 17. BLOCK TOTALS FROM TABLE 14 BY GROUPS. 
Group X Set X Group Y Set Y 
totals totals 
Rep. 1 Rep. 3 Rep. 2 Rep 4 
(8)* 326.5 (1)* 344.8 671.3 (1)* 298.5 (4)* 278.5 577.0 
(3) 302.4 (3) 302.8 605.2 (5) 262.0 (3) 265.2 527.2 
(7) 253.0 (4) 289.0 542.0 (2) 280.8 (6) 245.8 526.6 
(4) 286.7 (8) 298.9 585.6 (8) 281.8 (2) 270.5 552.3 
(I) 322.1 (5) 296.6 618.7 (3) 262.4 (7) 275.5 537.9 
(6) 284.0 (7) 281.3 565.3 (4) 279.9 (8) 298.4 578.3 
(2) 308.5 (6) 304.8 613.3 (7) 275.8 (1) 314.7 590.5 
(5) 277.4 (2) 310.1 587.5 (6) 277.4 (5) 267.0 544.4 
2,360.6 2,428.3 4,788.9 2,218.6 2,215.6 4,434.2 
*Block numbers from table 14 in parenthesis. The block totals are placed in the table in 
such a way that the set totals are the sums of blocks that contain the same varieties. 
The block totals from table 14 are placed in table 17 in such 
a way that blocks containing the same varieties are opposite 
one another. The third set Y total 526.6 is the sum of block 2 
(280.8) in replicate 2 and of block 6 (245.8) in replicate 4. Both 
of these blocks include varieties 3, .11, 19, 27, 35, 43, 51 and 59. 
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TABLE ]S. rkc VAJJUES. 
2rkcx 2rkcy 
- St.] 35.4 
- 44.S 60.2 
- 5.9 72 .S 
- 44.0 26.4 
- 60.0 SO.3 
- 17.7 26.5 
- 6S.2 l.S 
- 32.4 51.3 
-~M. 7 1354 . 7 
The j'kc" and j'kcy values in table] 8 may be computed in either 
(If two waysll, 
j'kc:: = (column total of group Y in table 15) - (row total of 
group X containing the same varieties, in table 15) and 
1'7{Cy = (column total of group X in table 15) - (row total of 
group Y containing the same varieties, in table 15) ; 01' 
rkcx = (row total of table 16) - 2 (row total of group X COll-
taining the same varieties, in table 15 ) and 
rkcy = (column total of'table 16) -2 (row total of group Y 
containing the same varieties, in table 15). 
To illustrate, the f'ourth rkcy value, 26.4, for varieties 4, 12, 
20, 28, 36, 44, 52 and 60 is the column total 1131.0 in table 16 
minus 2 times the row total 552.3 for group Y in table 15. For 
a check, the sum of the j'kc:: and the 1'lccy totals should equal zero. 
CALCur,A'l'IONS FOR THE ANALYSIS OF VARIANCE12 
The steps in computing the analysis of variance are as fol-
lows: 
1. The correction term for the mean is 
(9,223.1)2 332 28740 
cor. = 256 = , . . 
2. The total sum of squares is 
(42.9)2 + (41.4)2 + ... + (36.5)2 - cor. 
= 337,249.91 - 332, 287.40 = 4,962.51. 
11 For an alternative scheme for setting up the procedure for computing 
the "kc values and the correction values, see footnote 8, for the triple la t-
tice design. 
12 For more detail see the triple lattice. 
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3. 'l'he sum or sq llares fOI" rep] icates is 
(2,360.6)2+ (2,218.6)2+ (2,428.3)2+ (2,215.6)2 
64 - cor. 
= 332,81-1·.';-{ - 332,287.-1-0 = 527.3;{. 
4. 'l'he sum of sq narcs for \' arieties (ignoring blocks) IS 
(187.3)2+ (149.1)2+ ... + (149.2)2 
--.. 4 -cor. 
= 334,613.33 - 332,287.40 = 2,325.93. 
5. The sum of squares for blocks (eliminating varieties) IS 
made up of two components, (a) al1d (b). 
Component (a) is the sum of two interactions, the sums (set 
totals) of blocks containing the same varieties by the replicates 
in which these blocks appear. There is one of these interactions 
for each of the groups X and Y. The data needed are given 
in table 17. 
X group 
The correction term for the mean of the X group is 
. - (4,788.9)2 _ 179 16846 COl. - -----r2s-- - , . . 
The total sum of squares for the block totals in group X is 
(326.5) 2 + (302.4) 2+ ... + (310.1) 2 
----------8--------- - cor. 
= 180,048.09 - 179,168.46 = 879.63. 
The sum of squares for set X totals is 
(671.3)2+ (605.2)2+ ... + (587.5)2 
-----cor 16 . 
= 179,828.06 - 179,168.46 = 659.60. 
The sum of squares for replicate's in group X is 
(2,360.6)2+ (2,428.3)2 
-------~--- cor. 
= 179,204.27 - 179,168.46 = 35.81. 
The sum of squares for component (a) from the X group (the 
interaction) is 
879.63 - (659.60 + 35.81) = 184.22. 
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Y group 
The correction term for the mean of the Y group is 
COl'. = (4'i;~·2)2 = 153,610.39. 
The total sum of squares for the block totals in group Y is 
(298.5)2+ (262.0)2+ ... + (267.0)2 8 ---- -COf. 
= 154,121.17 - 153,610.39 = 5] 0.78. 
The sum of squares for set Y totals is 
(577.0)2+ (527.2)2+ ... + (544.4)2 
----- ---1-6-------- - COl'. 
= ]53,877.54 - 153,610.39 = 267.15. 
The sum of squares for replicates in group Y is 
(2,218.6)2+ (2,215.6)2 . 
------6-4- - - - - COl'. 
= ] 53,610.46 - 153,610.39 = 0.07. 
The sum of squares for component (a) from the Y group (the 
interaction) is 
510.78 - (267.15 + 0.07 ) = 243.56. 
'fhe total sum of squares for component (a) is the sum of 
the two interactions, 
]84.22 + 243.56 = 427.78. 
Component (b) sum of squares is given by summing the 
squares of the two sets of the individual ' j'ke values in table 18 
with the divisor j'k, minus the sum of squares of the totals of 
the two sets of values with the divisor rk2 • 
(-81.1)2+ (-44.8)2+ ... + (51.3)2 (-354.7)2+ (354.7)2 
32 - --25"6 ----
= 1,277.56 - 982.91 = 29-1,.65. 
6. 'rhe sum of sqnares for the error (intra-block) is the total 
sum of squares minus the total of the sum of squares for 
replicates, for blocks eliminating varieties and for varieties 
(ignoring blocks). 
4,962.51 - (527.33 + 722.43 + 2,325.93 ) = 1,386.82. 
The analysis of variance is summarized in table 19. 
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TABLE 19. ANALYSIS OF VARIANCE OF SIMPLE LATTICE EXPERIMENT. 
Source of variation Degrees of freedom Sum of squares Mean square 
Replicates T-1 3 527.33 175.78 
Component (a) (k -1)(T -2) 14 427.78 
Component (b) 2(k -1) 14 2U4.65 
- --
Blocks (eliminating varieties) T(k-1) 28 722.43 25.801 =Eb 
Varieties (ignoring blocks) k'-1 63 2,325.93 36.920 
Error (intra-block) (k-1)[k(T-1) -lJ 161 1,386.82 8.G14 =Ee 
Total Tk'-1 255 4,962.51 
ADJUS'l'MEN'l'S OF VARIETY 'l'OTALS 
For any number of repetitions of the basic plan, if the aver-
age of components (a) and (b) is used to estimate E b, the 
weighting factor used to compute the· corrections of the variety 
totals for block effects is 
p(Eb-E.) 
J.L=k[pEb+(p-l )EJ' 
where Eb is the pooled mean square for components (a) and (b), 
Ee is the intra-block error mean square, k is the number of plots 
in a block and p is the number of repetitions of the basic planY 
For this illustration 
2(25.801-8.614) 34.374 
J.L = 8 [2(25.801)+8.614] = 481.728 = 0.0714. 
'1'wo sets of corrections, cre' and Cy', arc obtained by multi-
plying each of the 1'kc values in table 18 by fL. The first e/ cor-
rection is 
0.0714 (-81.1) = -5.S; 
1 3 If the Illcan squarc for component (b) alone is used to estimate E. 
and if thc mean square for component (a) alone is used to estimate Eo 
Eb- E • 
J.L= k(Eb+E.)· 
If 1) is one, component (a) does not exist and Eo is the mean square for 
component (b) only. If p is greater than one, I' may be determined by using 
the average mean square of components (a) and (b) for E.; however, the 
mean square for component (a) alone may be used with only a small loss 
when component (a.) has 20 or more degrees of freedom. If E. is equal to 
or less tha.n E., I' is taken equal to zero and the randomized complete block 
analysis is used. 
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TABLE 20. ADJUSTED VARIETY TOTALS AND MEAN YIELDS 
1 2 3 4 5 6 7 8 
184 . 0 147.6 158.5 143 .0 156.9 139.6 162.9 147.9 
46.0 36.9 39.6 35.8 39.2 34.9 40.7 37.0 
9 10 11 12 13 14 15 16 
145.2 147.2 159.7 126 .3 145.7 153.5 147.6 140.1 
36.3 36.8 39.9 31.6 36.4 38.4 36.9 35.0 
17 18 19 20 21 22 23 24 
129 .4 124.7 141 .6 141. 8 132.8 145.6 147 .6 136.7 
32.4 31.2 35.4 35.4 33.2 36.4 36.9 34.2 
25 26 27 28 29 30 31 32 
145 .5 127 .5 142.8 128 .. 5 150.9 133.9 158.6 138.6 
36.4 31.9 35.7 32.1 37.7 33.5 39.6 34.6 
33 34 35 36 37 38 39 40 
147 .9 140 .2 120.7 139.6 167.9 153.8 144.2 154.0 
37.0 35.0 30.2 34.9 42 .0 38.4 36.0 38.5 
41 42 43 44 45 46 47 48 
152.0 151.2 128.9 127.6 147.0 148.2 135 .5 137.4 
38.0 37.8 32.2 31.9 36.8 37.0 33.9 34.4 
49 50 51 52 53 54 55 56 
136.0 145.5 146.1 160 .9 140.8 151.9 124.3 139.0 
34 .0 36.4 36.5 40.2 35.2 38.0 31.1 34.8 
57 58 59 60 61 62 63 64 
144.0 139.7 143.9 153 . 1 134.3 146.4 137.5 150 .6 
36.0 34.9 36.0 38.3 33.6 36.6 34.4 37.6 
the others are similarly compntcd. Thc cOl'l'ections arc placed 
in table 16, the ex' values beside the row totals for the X group-
i1lg and the cy' values beneath the column total for the Y group, 
ing. Care must be taken to place each correction opposite the 
row or column total that was used to compute the rke value 
which was used to calculate the correction value. In our il-
lustration the correction values are placed in table 16 in the same 
ordcr in which they were computed from table 18. 
The adjusted variety total yields are given in table 20 and 
are computed from the unadjusted yields and the correcti011s in 
table 16. An adjusted total yield is the unadjusted yield plus 
thc correction opposite the row for the X grouping, plus the 
correction opposite the column for the Y grouping, in which 
tbe variety appears. To illustrate, variety 43 in table 16 appears 
in row 6 and column 3 and its adjusted yield is 
125.0 - 1.3 + 5.2 = 128.9. 
STANDARD ERRORS OF THE DlFFERENCES BETWEEN ADJUSTED 
VARIETY MEANS 
1. .For any number of' repetitions of thB basic plan of the 
simple lattice design, the' standard error of a difference between 
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two variety meam; OCCUl'l'lllg in the same block in one of the 
groups is 
~2~e[ 1 + J.LJ = V4.307 (1.0714) = V '4.6145 = 2.148. 
2. '1'he standard error of a difference between two variety 
means that do not occur in the same block in one of the groups 
IS 
"'2~f 1 + 2J.L J= V4.30f(1.1428f = V4.9220- = 2.219. 
3. The average standard error of a difference between any 
two variety means is 
~ )2Ee[ 2kJ.L ] ----- --\)- 1-' 1+ (k+1) = V4.307(1.1269) = V4.8536= 2.203. 
EF'FICTENCY OF THE SIMPLE LNl"1'ICE DEflIGN R.ELATIVE '1'0 
RANDOMlZED COMl'LE'l'E BLOCKS 
If the experiment. we1'C arranged in randomized completc 
blocks of k2 plots, the avel'age errol' variH1lce pel' plot (Eo' ) 
would be the total of the sum of squal'es fo1' blocks eliminating 
yarieties and the intra-block enol' divided by the corresponding 
degrees of frcedom. 
Eo' = (722.43 i8~,386.82) = 11.160. 
For the simple lattice design the average effective variancc 
per plot is 
Ee[l+ (~~1)J=8.614(1.1269) =9.707 . 
Thus the efficiency of the simple lattice design relative to 
randomized complete blocks is . 
11.160 
9.707 115 percent. 
COEF'FICIENT OF' VARIATION 
The coefficient of variation per plot is the average effective 
standard error per plot divided by the mean yield per plot, which 
for the simple lattice experiment is 
'-
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CALCULA'l'IONS USING PUNCHED CARD MACHINES 
CODING DATA AND PUNCHING CARDS 
For each plot a card is punched showing the character or 
characters, such as yield, stand, percent protein and date of 
maturity, that are to be analyzed. Also each variety must be 
coded in such a way that the required tabulations can be made. 
The coding of the varieties is the same as that for the triple 
lattice except that only two digits are used because there is no 
Z group. The first digit of the code designates the block (be-
fore randomization ) in which a variety appears in the X group 
and the second digit the block in the Y group. 
Figure 3 shows the code card used for punching the data for 










SORTING AND TABULA'fING PROCEDURE 
Operation 
Sort on variety code by sorting first on column 
.12, and then on column 11. 
Control on columns 11 and 12, indicatc the 
variety number and the code and tabulate the 
yield and card count for the control groups. 
This will give the variety totals previously shown 
in table 16. Also an additional check is obtain-
ed on the coding of the varieties. There should 
be one total for each of the variety numbers in 
the order 1, 2, ... , k 2 • In addition, the card 
count should be 1", the total number of replicates, 
for each variety total. See table 21. 
Sort on replicate number, column 1. 
Control on column 1, indicate replicate and 
group number and tabulate yield and card count 
for the control groups and the grand totaL 
Table 22 shows the machine sheet with the repli-
cate totals and the grand total. These are the 
same totals obtained in table 14 using a calcu-
lating machine. 
Sort on group number, column 13, and keep the 
two groups separate. 
Take the cards for the X group and sort on 
replicate number, column 1, and then sort on 
the first digit of the variety code, column 11. 
Major control on column 11 and minor control 
on column 1, indicate columns 1 and 11 and 
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Variety Variety Variety Card 
no. code totals count 
11 1 1 
67 12 890 1 
01 11 1873 4 
02 12 1491 4 
03 13 1591 4 
63 87 1397 4 
64 88 1492 4 
tabulate yie ld and card count for the control 
groups and the total for the X groups. The 
minor control will give the totals of the blocks 
of the replicates in the X group. The blocks 
containing the same varieties will be grouped 
together and the major control will give the 
totals of these groups. See table 23. 
Take the cards for the Y group and sort on 
replicate number, column 1, and then sort on 
the second d' git of the variety code, column 12. 
Major control on column 12 and minor control 
on column 1, indicate columns 1 and 12 and 
tabulate yield and card count for the control 
groups and the grand total for the Y group. See 
table 23. 
Use all the cards and sort on the first digit. of: 
the variety code, column 11. 
TABLE 22. TABULATION, STEP 4. (REPLICATE TOTALS, 'l'ABL]<; 14.) 
Experiment Replicate Replicate 
no. no. totals 
1 
45 1 890 
19 1 23606 
19 2 22186 
19 3 24283 




















'l'ABLE 23. 'l'ABULATIONS, STEPS 7 AND 9. (BLOCK, SET AND GROUP 
TOTALS IN TABLE 17.) 
Experiment Variety Replicate Card Block Card Set 
no. code no. count totals count totals 
Group X, step 7 
1· 1 0001 1 0001 
45 1 1 1 0890 1 0890 
19 1 1 8 3265 
19 1 3 8 3448 16 6713 
19 2 1 8 3024 
19 2 3 8 3028 16 6052 
19 3 1 8 2530 
19 3 3 8 2890 16 5420 
19 4 1 8 2867 
19 4 3 8 2989 16 5856 
19 5 1 8 3221 
19 5 3 8 2966 16 6187 
19 6 1 8 2840 
19 6 3 8 2813 16 5653 
19 7 1 8 3085 
19 7 3 8 3048 16 6133 
19 8 1 8 2774 
19 8 3 8 3101 16 5875 
Group Y, ~tep 9 
It 1 0001 1 0001 
45 2 1 1 0890 1 0890 
19 1 2 8 2985 
19 1 4 8 2785 16 5770 
19 2 2 8 2620 
19 2 4 8 2652 16 5272 
19 3 2 8 2808 
19 3 4 • 8 2458 16 5266 
19 4 2 8 2818 
19 4 4 8 2705 16 5523 
19 5 2 8 2624 
19 5 4 8 2755 16 5379 
19 6 2 8 2799 
19 6 4 8 2984 16 . 5783 
19 7 2 8 2758 
19 7 4 8 3147 16 5905 
19 8 2 8 2774 
19 8 4 8 2670 16 5444 
• First digit. 
t Second digit. 
11. Tabulator Control on column 11 and tabulate yield and 
card count. The totals obtained are thosE) for 
rows in table 16. See table 24. 
12. Sorter Sort on the second digit of the variety code, 
column 12. 
13. Tabulator Control on column 12 and tabulate yield and 
card count. The totals obtained are those for 
columns in table 16. Sec table 24. 
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CALCULATIONS FOR THE ANALYSIS OF VARIANCE 
The procedure for getting the total sum of squares with a 
tabulating machine is given under steps 18 and 19 of the punch-
ed card machine instructions for the triple lattice design. The 
progressive totals are given in table 25. 
The remainder of the sums of squares and the adjusted varie-
ty totals are computed from the tabulating machine sheets using 
a calculating machine following the procedure previously given. 
TABLE 24. TABULATION, STEPS 11 AND 13. (SUMS OF VARIETY 
TOTALS FOR THE X AND Y GROUPINGS IN TABLE 16. ) 
X grouping, step 11 
Experiment Variety Totals Card Card Grand 
no. code count count total 
I' 1 1 1 1 
45 1 890 1 1 890 
19 1 12615 32 
19 2 11656 32 
19 3 10781 32 
19 4 11266 32 
19 5 11774 32 
19 6 11129 32 
19 7 11584 32 
19 8 11426 32 
256 92231 
Y grouping, step 13 
1t 1 1 1 1 
45 2 890 1 1 890 
19 1 11894 32 
19 2 11146 32 
19 3 11260 32 
19 4 11310 32 
19 5 11561 32 
19 6 11831 32 
19 7 11828 32 
19 8 11401 32 
256 92231 
• First digl t. 
t Second digit. 
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290900 X 100 256 
337249.91t 
• The progressive total s opposite the zero digits are not included in the 
sunlS. 
t Division by 100 is made because the yields per plot are given in tenths. 
BALANCED IJATrrICE 
; 
For the development and analysis of the balanced lattice de-
sign see Yates (19). He treats the balanced lattices as a special 
case of balanced incomplete blocks and gives the algebraic 
formulas. Wellhausen (12) also gives the general algebraic 
formulas and a numerical example with nine treatments. 
An experiment conducted in 1938 to test a total of k2 = 25 
varieties and strains of corn is used to illustrate the computa-
tions for the analysis of the balanced lattice design. Since k is 
5, there were six replicates each consisting of k = 5 blocks and 
k = 5 plots. Each plot had 2 rows each with 10 hills. 
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PROCEDURE OF COMPUTATIONS USING CALCULATING 
MACHINES 
Table 26 gives the plot yields in pounds of car corn in the 
random arrangement of blocks and plots as they appeared in 
the field. The plot yields within each block are totaled and en-
tered in the table as indicated. To illustrate, the total for block 
1 in replicate 1 is 
34.4 + 28.6 + ... + 22.9 = 147.7. 
The block totals within a replicate are summed to get the 
replicate totals. For example, replicate 1 total is 
147.7 + 149.0 + ... + 140.8 = 724.5. 
The next step is to compute table 27. The calculations arc 
as follows: 
1. Add the individual variety yields given in table 26 and 
enter in column 2, table 27. Thus for variety 1 the total yield is 
22.9 + 23.5 + 24.2 + 16.!) + 20.2 + 14.6 =; 122.3. 
As a check, the sum of the variety totals should equal the snm 
of the six replicate totals. 
2. ];-'01' each variety get the sum of' all the blocks, one from 
each replicate, in which the variety appears and enter in column 
3. For variety 1 the sum is 
147.7 + 140.9 + 139.9 + 114.1 + 128.1 + 117.4 = 788.1. 
'l'he sum of this column should equal k times the grand total. 
3. The W values for each variety arc computed from the 
formula, 
W = kV - (k + 1) SB + G. 
where k is the number of plots per block, SB is ·the sum of the 
blocks in which the variety appears and G is the grand total. 
For variety 1, W is 
5(122.3) - 6(788.1) + 4,076.7 = -40.4. 
Thc sum of the W's should equal zero. 
4. The adjusted variety totals are computed after the calcu-
lations of the analysis of variance are completed. 
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TABLE 26. PLOT YIELDS IN POUNDS OF BALANCED LATTICE EXPERIMENT. 




1 2 3 4 5 1 
34.4 28.6 28.1 33.7 22.9 147.7 
2 24 22 23 25 21 
33.1 29.0 29.0 28.1 29.8 149 . 0 
3 19 16 20 18 17 
28.7 29.9 26.7 31.0 29.3 145.6 · 
4 6 10 9 7 8 
29.0 26 . 1 29.6 25 . 1 31.6 141.4 
5 13 12 14 15 11 
28 . 5 28.5 27.8 27.6 28.4 14.0.8 
724 .5 
Replicate 2 
11 16 6 1 21 
26.3 31.0 32.0 23.5 28 . 1 140.9 
2 8 23 3 18 13 
33.1 29 . 1 31.4 29.5 29 . 6 152.7 
3 14 24 9 19 4 
29.6 31.3 33.5 28.1 28.6 151 . 1 
22 17 7 2 12 
30.3 34.8 30.2 32.4 29 .3 157 . 0 
5 20 25 10 15 5 
31.6 31.3 28.2 28.3 30.7 150.1 
751.8 
Replicate 3 
3 15 9 22 16 
27.9 26.6 29.7 27.2 28 . 5 139.9 
2 12 5 18 24 6 
28.5 30.1 30.5 33.2 31.0 153.3 
3 11 17 4 23 10 
29.2 31.5 33.7 31.7 30.0 156.1 
4 13 25 7 1 19 
27.2 29.7 29.4 24.2 29.4 139 . 9 
5 20 8 14 21 2 
28.5 31.9 29.3 29.7 36.6 156.0 






1 21 18 4 15 7 
23 . 7 25 . 4 25.1 22 .5 24.9 121.6 
2 1 12 23 9 20 
16.9 20 . 2 25.4 29.4 22.2 114.1 
3 8 19 11 22 5 
27 .8 23 . 7 19 . 3 26 .8 26.3 123.9 
4 25 17 6 3 14 
27.7 28.8 34.3 26 . 2 23.6 l40.6 
5 13 10 16 2 24 
23.5 21.6 28.3 26.7 28 .8 128.9 
629.1 
Replicate 5 
.1, 3 21 12 19 10 
22 . 9 19.8 21.1 26 . 1 23.1 113.0 
2 7 16 23 14 5 
24.8 24 . 8 26.0 25.0 21.7 122.3 
3 4 20 22 13 6 
25 . 3 23 . 9 25 ·11 22.0 29.2 126.3 
4 11 2 25 18 9 
16.7 24.0 28.8 27.7 26 .4 123.6 
5 8 24 1 15 17 
25.7 27.2 20.2 28.9 26.1 128.1 
613.3 
Replicate 6 
24 3 7 20 11 
16.2 24.9 23.7 27.0 22.6 114.4 
2 6 23 15 19 2 
30.2 20.7 24.6 26.1 19 . 7 121.3 
3 25 16 8 12 4 
29.5 29.0 27.8 21.9 26.3 134 .5 
17 21 5 13 9 
22.8 26.6 22.4 24.8 2S .6 125 .2 
5 22 1 IS 10 14 
2S.7 14.6 26.6 22.4 25.1 117.4 
612.S 
Grand total 4.076 . 7 
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TABLE 27. ADJUSTED VARIETY TOTALS AND MEANS. 
1 2 3 4 5 6 
Sums of Adjusted 
Variety block W=kV variety Adjusted 
Variety totals totals -(k+l) SB totals variety 
number +G means 
V SB V+/LW 
1 122.3 788.1 -40.4 121. 7 20 . 3 
2 173.8 834.5 -61.3 172.9 28.8 
3 161.9 808.3. 36.4 162.4 27.1 
4 167 . 1 837.3 -111.6 165.4 27.6 
5 164.9 822.5 -33.8 164.4 27.4 
6 185.7 823.8 62.4 186.6 31.1 
7 158.1 796.6 87.6 159.4 26.6 
8 177 .9 836.6 - 53.4 177 . 1 29.5 
9 177 .2 795.3 190 .9 180.0 30.0 
10 151.4 806.9 - 7 . 7 151.3 25.2 
II 142.5 799 . 7 - 9 . 0 142.4 23.7 
12 149.5 . 812.7 - 52.0 148.7 24.8 
13 155.6 813.8 - 28.1 155 .2 25.9 
H 160.4 828.2 - 90 .5 159 .1 26.5 
15 158 .5 801.8 58.4 159 . 4 26 . 6 
16 ]71.5 812.1 61.6 172 .4 28.7 
17 173 .3 852.6 -172.4 170 .7 28.4 
18 170 .7 814.2 45.0 171.4 28.6 
19 162 . 1 794 .8 118.4 163.9 27.3 
20 159 .9 806.5 37.2 160 .5 26.8 
21 157 . 7 805.7 31.0 158.2 26.4 
22 167 .9 813.5 35.2 168 .4 28.1 
23 161 .9 815.5 - 6.8 161.8 27.0 
24 169 .8 824.8 - 23.1 169.5 28.2 
25<. 175 . 1 837.7 - 74.0 174.0 29. 0 
4,076.7 20,383.5 00 . 0 4,076.8 679.6 
CALCULATIONS FOR THE ANALYSIS OF VARIANCE 
The steps in computing the analysis of variance are as follows: 
1. 'l'he correction term for the mean is 
(4,076.7)2 11079655 
cor. = 150 ". 
2. The tot al sum of squares is 
(34.4)2 + (28.6)2 + .. . + (25.1)2 - cor. 
= 113,075.85 - 110,796.55 = 2,279.30. 
3. The sum of squares for replicates is 
(724.5)2+ (751.8)2+ ... + (612.8)2 
----------. cor. 
25 
= 111,714.16 - 110,796.55 = 917.61. 
4. The sum of squares for varieties (ignoring blocks ) is 
(122.3)2+ (173.8)2+ ... + (175.1)2 
6 cor. 
= 111,474.96 - 110,796.55 = 678.41. 
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TABLE 28. ANALYSIS OF VARIANCE OF BALANCED LATTICE EXPERIMENT. 
Source of variation Degrees of freedom Sum of squares Mean square 
Replicates (r- l ) 5 917.61 
Blocks within replicates r(k -1) 24 194.14 8.089 =Eb 
(eliminating varieties) 
Varieties (ignoring blocks) (k2 - 1) 24 678.41 
Error (intra-block) (k2- 1)(r-2) 96 489.14 5. 095 =E. 
Total (rk' -1) 149 2,279.30 
5. '1'he sum of squares for blorkR (adjusted for varieties) 1R 
the S11m of t.he sqnares of the W's divided by k3 (k+l). 
(-40.4)2+ (-61.3)2+. ~+ (-74.0)-==19414 
750 . . 
6. The intra-block errol' sum of squares is the total sum of 
squares minus the sum of squares for replicates, for varieties 
(ignoring blocks) and for blocks (eliminating varieties ). 
2,279.3q - (917.61 + 678.41 + 194.14) = 489 .14. 
The analysis of variance is summarized in table 28. 
ADJUSTMENTS OF VARIETY TOTALS 
The weighting factor p. . corresponding to Wellhausen's Vk, 
is now computed. 
Eb-E. 8.089-5 .095 
J.l= k2§;= 25(8.089) 
2.994 
202.225 = 0 .0148, 
where Eb is the mean square for blocks (eliminating varieties), 
E. is the intra-block error mean square and k2 is the total num-
ber of varieties. 
The adjusted variety total yields are computed by adding to 
the unadjusted total yields the corresponding W value multi-
plied by p. and are given in column 4, table 27. Thus for variety 
5 the adjusted total yield is 
164.9 + (0.0148) (-33.8 ) = 164.4 
and for variety 9 is 
177.2. + (0.0148 ) (190.9 ) = 180.0. 
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s'rANDARD ERROR OF 'rHE DIFFERENCES BETWEEN ADJUSTED 
VARIETY MEANS 
The standard error of the difference between any two adjusted 
variety means is 
~2Ee (1r+~J:l= ~2 (5.095 ~ (1.07 40~_ = V1.8240 = 1.351. 
, 
EFFICIENCY OF THE BALANCED LATTICE DESIGN RELATIVE TO 
RANDOMIZED COMPLETE BLOCKS 
If the experiment were arranged in randomized complete 
blocks of k2 plots, the average error variance per plot (Eo' ) 
would be the total of the sum of squares for blocks (eliminating 
varieties) and for the intra-block error divided by the sum of 
the corresponding degrees of freedom. 
E '= 194.14 + 489--.:li= 683 . 2~= 5694 
e 24+96 120" 
For the balanced lattice design, the average effective variance 
per plot is 
E e (1 + k JJo ) = 5.095 (1.0740 ) = 5.472. 
Thus the efficiency of the balanced lattice design relative 10 
randomized complete blocks is 
5.694 
5.472 = 104 percent. 
COEFFICIENT OF VARIATION 
The coefficient of variation pel' plot of the balanced lattice 
experiment is the average effective standard error per plot 
divided by the mean yield per plot, which is 
CALCULATIONS 'USING PUNCHED CARD MACHINES 
CODING DA'rA AND PUNCHING CARDS 
For each plot a card is punched showing the character or 
characters that are to be' analyzed. The code card used is shown 
in fig. 4. The card and tabulations are similar to those for the 
lattice square with (k + 1) replicates; the block totals cor-
respond to row totals but no column totals are needed. 
The only code needed on each card is the replicate and block 
number. The block totals are not punched until certain tabu-
lations are completed. 
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SOR'I'ING AND 'fABULA'fING PROCEDURE 
Machine Opemti01t 
l. Sorter Sort on block number, column 7, and then on 
replicate number, column l. 
2. Tabulator Major control on column 1 and minor control 
on column 7 and tabulate yield and card count 
to get the block and replicate totals. The ma-
chine sheet is given in table 29. 
3. Duplicating On each of the cards for the varieties within a 
punch block, punch the corresponding block total. The 
block total 147.7 for block 1 replicate 1 is punch· 
ed on each of the cards for varieties 1 through 5. 
The total 149.0 is punched on each of the cards 
for block 2 replicate 1 and so on. 
4. Tabulator To check the punching, control on block total, 
TABLE 29 . TABULATION, STEP 2. (BLOCK AND REPLICATE '£OTALS,-
TABLE 25.) 
1';xpeI"iment Replica te Block Block Card Replicate Carel 
no. no. no. totals count totals count 
1 1 1 1 
4 1 7 890 1 890 1 
1 1 1 1477 5 
1 1 2 1490 5 
1 1 3 1456 5 
1 1 4 1414 5 
1 1 5 1408 5 
7245 25 
1 2 1 1409 5 
1 2 2 1527 5 
1 2 3 1511 5 
1 2 4 1570 5 
1 2 5 1501 5 
7518 25 
1 3 1 1399 5 
1 3 2 1533 5 
1 3 3 1561 5 
1 3 4 1399 5 
1 3 5 1560 5 
7452 25 
1 4 1 1216 5 
1 4 2 1141 · 5 
1 4 3 1239 5 
1 4 4 1406 5 
1 4 5 1289 5 
6291 25 
1 5 1 1130 5 
1 5 2 1223 5 
1 5 3 1263 5 
1 5 <I 1236 5 
1 5 5 1281 5 
6133 25 
1 6 1 1144 5 
1 6 2 1213 5 
1 6 3 1345 5 
1 6 4 125 2 5 
1 6 5 1174 5 
6128 25 
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'l'ABLE 30. TABULATION, STEP 4. (CHECK SHEET.) 
Experiment Replicate Block Block Block Card 
no. no. no. totals totals count 
1111 1 1 
1 7 5678 890 1 
1 1 1 1477 1477 
1 1 2 1490 1490 
1 1 3 1456 1456 
1 3 1345 1345 
1 4 1252 1252 
1 5 1174 1174 
TABLE 31. TABULATION, STEP 6 . . (VARIETY TOTALS AND SUMS OF 
BLOCK TOTALS, TABLE 26.) 
Bxperiment Variety Variety Sum of Card 
no. no. totals block totals count 
:1 1111 1 
4 56 890 5678 1 
1 01 1223 7881 6 
1 02 17~8 8345 6 
1 03 1619 8083 6 
1 04 1671 8373 6 
1 05 1649 8225 6 
1 06 1857 -8238 6 
1 07 1581 7966 6 
1 08 1779 8366 6 
1 09 1772 7953 6 
1 10 15H 8069 6 
1 11 14~5 7997 6 1 12 14 5 8127 6 
1 13 15116 8138 6 
1 14 1604 8282 6 
1 15 1585 8018 6 
1 16 17i5 8121 6 
1 17 1733 8526 6 
1 18 1707 8142 6 
1 19 16{!1 7948 6 
1 20 1599 8065 6 
1 21 15,77 8057 6 
1 22 16.79 8135 6 
1 23 1619 8155 6 
1 24 16;')8 8248 6 
1 25 17:51 8377 6 
columns 15, 16; 17 and 18, and tabulate yield, 
columns 8, 9 alJd 10, and the card count for the 
control groups. The indicated control and cor-
responding total yields should be identical as 
shown in table .30. 
5. Sorter Sort on variety number, columns 6 and 5. 
6. Tabulator Control on columns 5 and 6 and tabulate yield, 
columns 8, 9 aJj.d 10, block totals, column 15, 16, 
17 and 18, and the card count for the control 
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groups. The tabulation machine sheet is shown 
in table 31 and gives the first 3 columns of table 
27. The computation of Wand of the adjusted 
variety total yields are made with a calculating 
machine following the directions previously 
glVen. 
CALCULATIONS FOR THE ANA LYSIS OF VARIANCE 
The procedure for getting the total sum of squares with a 
tabulating machine is given under steps 18 and 19 of the punch . 
ed card machine instructions for the triple lattice design. 'The 
progressive totals are shown in table 32. 
1'he r emainder of th e sums of squares are computed fro m the 
machine sheets using a calculating machine. 
TABLE 32. PROGR BSSIVE TOTALS FOR TOTAL SUM OF SQUARES. 
P r ogressi ve totals 
]!}x periment Digits Y ie ld Sunls* Card 
no. count 
1 1 1 
4 0 890 1 
U nits 
1 9 3028 12 
1 8 6810 26 
1 7 12417 47 
1 6 17305 65 
1 5 20970 78 
1 4 243 38 90 
1 3 28290 104 
1 2 32200 119 
1 1 36!>17 182 .l75 136 
0 40767 150 
'I'e n s 
1 9 73~0 26 
1 8 1 3616 48 
1 7 16645 59 
1 6 217 28 79 
1 5 24008 88 
1 4 27159 100 
1 3 31049 114 
1 2 33720 125 
1 .1 38036 21 3311 X 10 140 
1 0 40767 150 
Hundreds 
1 3 9621 30 
1 2 39535 143 
1 1 40767 89993 X 100 150 
113075.85t 
• The progressive tota ls opposite the zero digits a r e n ot included in the 
sums. 
t Division by 100 is m ade because the y ie lds per plot are g iven in tenths. 
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LATrfICE SQ ARE WITH (k + 1) / 2 REPLICATES 
The construction, field plans, method of analysis and inter-
pretation of the lattice square design are given by Yates (18). 
An experiment conducted in 1941 to test k 2 = 121 strains of 
corn is used to illustrate the computations for the analysis of 
a lattice square design with (k + 1) / 2 replicates. Six repli-
cates each with k = 11 blocks consisting of k = 11 plots were 
used. Each plot had 2 rows of 10 hills each. 
PROCEDURE OF COMPUTATIONS USING CALCULATING 
MACHINES 
Table 33 gives the plot yields in pounds of 'eal' corn for the 
six replicates in the random arrangements of blocks and plots 
as they appeared in the ficld. Total the yields for each of the 
rows and columns for each of the replicates and enter the sums 
opposite the correspOllding rows and columns. The total for 
column 7 replicate 3 is 
20.2 + 18.1 + .... + 26.5 = 287.1. 
rfotal the variety yields and ellter in table 3-t.. The total yielJ 
for variety 1 is 
29.6 + 35.6 + 28.9 + 25.7 + 24.6 + 29.6 = 174.0. 
Next, compute the 11, values, one for each row, in table 33. 
V, = the sum of the total yields of all varieties 
appearing in the row. 
The 11, values are computed from table 34 and are entered op-
Ifosite the corresponding rows in table 33. Row 1 replicate 2 
contains varieties 100, 66, 21, 52, 114, 97, 24, 7, 69, 83 and 38 
and the corresponding 
V, = 206.7 + 203.8 + 227.4 + 218.4 + 216.9 + 215.8 
+ 217.4 + 212.1 + 222.5 + 199.5 + 217.8 
= 2,358.3 . 
As a check, the sum of the V , values in each replicate equals 
the grand total. 
Next a set of L values, one for each row, is calculated from 
the formula 
L = V,. - 'I" (row total). 
TABLE 33. PLOT YIELDS I N POUNDS OF LATTI CE SQUARE EXPERIMENT WITH (k + 1)/2 REPLICATES. 
(Variety numbers in bold face type.) 
REPLICATE 1 
Column Row 
Row 2 ~ 4 5 6 7 8 9 10 11 totals Vr L c I r 
84 59 2 34 116 20 109 27 91 77 52 
30 . 9 33 . 7 35 .8 38 .3 33.5 34 . 3 32 . 7 34.5 30.3 33 . 5 30 . 0 367.5 2299.3 94 . 3 1.4 
:l 100 86 29 61 22 36 4 54 118 93 68 
32 . 3 34 . 2 43.0 31.2 37.1 32.1 35 . 1 34.7 31.9 31.0 30 . 2 372.8 2261.3 24 . 5 0 . 4 
3 119 94 37 69 30 55 12 62 5 101 87 
28 . 6 34 . 9 34.7 39 . 9 40 . 5 33.5 38.5 29.6 31.0 37 .8 30.0 379.0 2288.2 14 . 2 0 . 2 
4 76 51 115 26 108 1 90 19 83 58 44 
28.8 30.3 31.R 36 .0 31.9 29.6 33 . 6 36.5 33.8 33.2 37 .8 363 . 3 2247 . 4 67.6 1.0 
.5 33 8 72 104 65 79 47 97 40 15 111 
25.0 32.6 32.1 32 . 7 31.2 34.5 26.5 30.5 31.9 31.1 29 . 6 337 . 7 2276.2 250 . 0 3 . 6 
G 49 24 99 10 81 106 74 113 56 42 17 
22.2 31.4 24 . 2 32.9 34 . 2 30 . 6 35.3 37 . 1 30 .0 29.0 29.4 336 .3 2243 .0 225.2 3 . 2 
00 
7 14 121 64 96 46 71 39 78 32 7 103 00 
28 . 1 27.9 27 . 7 34 .5 31.6 29.3 32 . 6 33.4 31.4 33.0 29.3 338 .8 2309.5 276.7 4.0 
8 6 102 45 88 38 63 31 70 13 120 95 
25.0 27.5 27 .3 29 . 0 34 .5 27 . 2 33.2 31.2 34 .5 29 .5 30 . 9 329.8 2252 . 9 274 . 1 3 . 9 
9 57 43 107 18 89 114 82 11 75 50 25 
30. 7 32.0 31.8 32.1 32 .8 31.2 35.2 33.7 36 . 5 28 . 2 35 . 0 359.2 2318.0 162.8 2 . 3 
10 41 16 80 112 73 98 66 105 48 23 9 
32 . 3 32 .8 35.6 33 .4 38.2 31.4 36.5 25.8 32.2 32.0 32 .5 362 .7 2295 . 7 119 . 5 1.7 
11 92 67 21 53 3 28 117 35 110 85 60 
34 . 5 36.7 39 .3 30 .8 32.3 38.0 30.2 35.0 37.6 33 . 0 31.0 378 . 4 2299 . 9 29 . 5 0.4 
Column totalB3 18.4 354 . 0 363 . 3 370 .8 377 .8 351 . 7 369.4 362 . 0 361 . 1 351.3 345.7 3 ,925 . 5 
Vc 2244 . 7 2277.4 2275.5 2287.6 2302.3 2243 . 1 2342 . 2 2343.4 2235. 7 2249.0 2290 .5 25091.4 
M 334 . 3 153 . 4 95 . 7 62.8 35.5 132 . 9 125 .8 171. 4 69 . 1 141.2 216.3 1538 . 4 
c I 
c 
5 .6 2 . 6 1.6 1.0 0 . 6 2 . 2 2.1 2 . 9 1.2 2.4 3 . 6 
T able 33-(con tinued). 
(Variety numbers in boldface type.) 
REPLICATE 2 
Column Row 
Row 2 3 4 5 6 7 8 9 10 11 totals V r L c I r 
100 66 21 52 114 97 24 7 69 83 38 
33.3 32.5 33.5 33.6 39.3 39.0 41.0 38.7 37 .2 35.1 40 .6 403.8 2358.3 64.5 -0.9 
2 47 2 78 120 61 44 92 75 16 30 106 
25.5 28.5 29.9 32 . 1 28.9 34.4 36.6 36 .5 42 .0 39.1 35.0 368.5 2236.7 25.7 0.4 
3 43 119 74 105 46 29 88 60 1 15 91 
32. 7 27 .4 32.5 27 . 7 39.2 41. 4 34.3 34. 0 35.6 38. 7 35.8 379.3 2205.0 - 70 .8 -1. U 
4 28 104 59 90 42 14 73 45 118 11 87 
39.2 38. 0 34.9 37 .3 33 . 2 42. 7 36.1 32.4 33.5 39.3 29.9 396.5 2292 . 1 - 86.9 -1.3 
5 62 17. 93 3 76 48 107 79 31 34 121 
27. 3 33.4 33.8 33.2 37 .5 34.8 40 .6 41. 5 37 . 7 37 .0 32.8 389.6 2283.5 - 54.1 -0.8 
6 9 85 40 71 12 116 54 26 99 102 57 
31.0 31. 0 30 .4 34.4 37 .9 37.4 41. 2 39. 1 38 .8 35.0 29 . 9 386.1 2311 .3 - ' 5.3 -0.1 00 
'" 7 81 36 112 33 95 67 5 109 50 64 19 
31. 7 26.2 31.7 33.5 34.5 39.4 37 .5 43.5 31. 9 38 . 1 39.7 387 .7 2249. 7 - 76.5 -1.1 
8 115 70 25 56 8 101 39 22 84 98 53 
29 .5 34.5 39.1 27 .3 37.0 38.6 40.6 37 .5 37. 3 36.3 33 . 7 391.4 2305.8 42.6 -0.6 
~ 77 32 108 18 80 63 III 94 35 49 4 
32.8 34. 0 27. 8 27.0 34 . 7 34.2 40 .7 31. 0 34.5 33.2 32.7 362.6 2242.5 66.9 1.0 
10 96 51 6 37 110 82 20 113 65 68 23 
30 .5 27 .3 27 .7 32.5 36.3 41. 5 41.0 43.5 37 .5 37. 3 ' 38 . 7 393.8 2327 .9 - 34.9 -0.5 
11 13 89 55 86 27 10 58 41 103 117 72 
33 . 5 30.8 30 .6 28.6 36.4 39.4 35.6 37 .8 35.3 33 .2 33.7 374.9 2278.6 29.2 0 .4 
Column totals 347 .0 343.6 351.9 347 .2 394.9 422 .8 425.2 415.5 401.3 402 .3 382.5 4 . 234.2 
V o 2244.8 2205.8 2318. 7 2172.8 2331.3 2399.5 2326.6 2331. 7 2259.5 2283. 0 2217 . 7 25091. 4 
• Jf 162.8 144 . 2 207.3 89.6 -38.1 -137 .3 -224.6 -161.3 - 148.3 - 130. 8 - 77 .3 -313.3 
o I 
0 2 .7 2.~ 3 . 5 1. 5 - 0.6 - 2.3 - 3 .8 - 2. 7 - 2.5 - Z ,2 - 1.3 
Table 33-(continued). 
(Variety numbers in boldface type.) 
REPLICATE 3 
Column Row 
Row 2 3 4 5 6 7 8 9 10 11 totals Vr L c ' r 
69 82 54 108 15 56 28 2 41 95 121 
36.2 38.4 40.8 32.9 31.9 23.2 20.2 22 29.0 33.5 33.7 341.9 2284.0 232.6 3.3 
2 78 91 63 117 24 76 37 22 50 104 9 
38.4 33.0 37.6 31.5 34 .2 29.4 18.1 20.6 29.8 32.4 34.4 339.4 2232.2 195 .8 2.8 .. 
3 42 55 16 70 109 29 111 96 3 57 83 
37.3 38.5 42.0 39.3 38.6 35.2 23..6 28.6 30.7 37.1 33.4 384.3 2307.1 1.3 0.0 
4 60 73 34 99 6 47 19 114 32 86 101 
33.8 36.0 38.9 32.6 36.0 29.1 25.7 34.1 34.3 33.3 36.4 370.2 2234.2 13.0 0.2 
5 33 35 7 61 89 20 102 87 115 48 74 
38.6 37 0 39.3 31. 7 35.2 36.0 27.2 31.2 33.7 33.4 35.7 379.0 2238.1 35.9 -0.5 
6 116 8 90 23 62 103 75 49 88 21 36 <C> 36.2 37 37.6 35.0 34.0 34.9 34.4 34.5 37.0 37.1 35.0 392.8 2243.8 -113.0 -1.6 0 
7 13 26 119 52 80 11 93 67 106 39 65 
39.9 39. 41.3 35.3 39.5 39.1 30.2 38.0 31.5 35.7 34.3 403 .9 2352.2 71. 2 -1.0 
8 98 100 ' 72 5 44 85 46 31 59 113 18 
39.3 36.3 37.2 30.5 40.2 34.5 27.7 38.5 36.8 40.7 35.1 396.8 2313.0 67.8 -1 0 
9 4 17 110 43 71 112 84 58 97 30 45 
37.8 33.6 36.8 35.2 39.7 35.2 28.5 34.5 40.4 40.5 35.2 397.4 2286.7 97.7 -1.4 
10 51 64 25 79 118 38 10 105 12 77 92 
38.3 37.2 . 42. 1 39.4 35.2 33.6 25.0 32.4 43.5 38.7 35.8 401.2 2323.4 83.8 -1.2 
11 107 120 81 14 53 94 66 40 68 1 27 
35.9 35.5 40.4 40.7 32.8 30.5 26.5 32.0 37.3 . 28.9 39.2 379.7 2276.7 1.5 0.0 
Column totals 411.7 401.7 434.0 384.1 397.3 360.7 287.1 346.5 384.0 391.3 388.2 4,186.6 
Vc 2286.2 2329 2379.6 2254.5 2317.4 2274.9 2243.9 2211. 9 2267.4 2308.2 2218.3 25091.4 
M -184.0 - 81.1 -224.4 50.1 66.4 110 .7 521.3 132 .9 - 36.6 - 39.6 -110.9 - '28.2 
c ' c - 3.1 - 1 .4 - 3.7 0.8 1.1 1.8 ~. 7 2.2 - 0.6 - 0.7 - 1.9 
Table 33-(continued). 
(Variety numbers in boldface type.) 
REPLI CATE 4 
Column Row 
!tow 2 3 4 5 6 7 8 9 10 11 totals Vr L c ' r 
82 52 62 102 1 112 22 42 32 72 92 
38.4 36.4 32.0 33.0 25.7 34.0 29.2 23.6 32.4 31.4 30.0 346.1 2237.7 161.1 2.3 
2 61 31 41 81 101 91 111 21 11 51 71 
24.6 34 . 1 36.2 35.2 33.0 26.9 31.1 34.8 30.5 26.6 25.4 338.4 2293.6 263.2 3.8 
3 77 36 46 97 117 107 6 26 16 56 87 
22.4 23.1 31.8 32.6 31.0 30.8 31.4 32.2 33.8 29 . 8 29.6 328.5 2248.9 277.9 4.0 
4 19 110 120 39 59 49 69 89 79 9 29 
23.6 29.7 30.7 33.9 34.7 27 .0 36.2 34.4 34.4 35.6 35.8 356.0 2325.4 189.4 2.7 
5 119 78 99 18 38 28 48 68 58 109 8 
27.2 35 .. 3 32.5 32.1 35.6 39.0 34.0 34. 7 28.1 32.9 34 . 3 365.7 2281.3 87 . 1 1.3 
6 103 73 83 2 33 12 43 63 53 93 113 ~ 
28.3 32.7 27 .3 30.7 29.3 37.1 29.3 30.9 30.6 31. 7 . 31.3 339.2 2284.5 249.3 3.6 f-' 
7 3 94 104 23 54 44 64 84 74 114 13 
29.1 31.0 31.5 32.0 34.2 36.6 28.4 31.0 29.2 29.2 31.6 343.8 2336.0 273.2 3.9 
8 40 10 20 60 80 70 90 121 100 30 50 
26.8 33.8 3.1.7 29.4 36.7 35 .. 6 31.8 27.5 28.9 30.3 25.1 340.6 2284.7 241.1 3.5 
9 98 57 67 118 17 7 27 47 37 88 108 
30.3 32.7 38.1 30.4 33.9 33.5 31.1 25.6 30.0 29.5 31.8 346.9 2219.3 137.9 2.0 
10 45 15 25 76 96 86 106 5 116 35 66 
27.3 35.4 37.5 36.5 35.8 29.8 25.6 29.2 28.4 32.4 34.0 351.9 2259.0 147 .6 2.1 
11 24 115 4 55 75 65 85 105 95 14 34 
34.0 33.7 37.2 37.5 34.6 34.2 30.5 31.6 33.5 39.3 32.5 378.6 2321.0 49.4 0.7 
Column totals 312.0 357.9 369.5 363.3 364.5 364.5 338.6 335.5 339.8 348.7 341.4 3,835.7 
Vc 2224.8 2275.5 2307.8 2259.3 2322.6 2333.4 2237 .8 2205.0 2296.0 2321.8 2307.4 25091. 4 
M 352.8 128. 90.8 79 .5 135.6 146.4 206.2 192 .0 257.2 229.() 259.0 2077 .2 
c ' c 5.n 2 1.5 1.3 2.3 2.4 3.4 3.~ 4.3 3.8 4.3 
Table. 33-(continued) . 
(Yariety numbers in ooldface type.) 
REPLICATE 5 
Column Row 
Row 2 3 4 5 6 7 8 9 10 11 totals Vr L c ' r 
90 '97 89 91 93 94 95 99 98 96 92 
30.2 33.6 30.2 30.1 38.6 35.8 38.6 35.6 31.4 40.0 33.8 377.9 2257.5 9.9 -0 .1 
2 68 75 67 69 71 72 73 77 76 74 70 
28.6 31.0 31.8 29.4 37.0 36.8 38.4 33.6 39.2 37.8 37.0 380.6 2326.9 43.3 0.6 
3 57 64 56 58 60 61 62 66 65 63 59 
30.8 33.3 30.2 32.3 31.3 30.4 37.1 34.0 38.1 32.9 35.3 365.7 2166.2 28.0 -0.4 
4 24 31 23 25 27 28 29 33 32 30 26 
39.4 36.6 33.9 42.8 37.0 41.0 39.5 39.8 39.6 40.0 40.4 430.0 2417.1 -162.9 -2.3 
5 35 42 34 36 38 39 40 44 43 41 37 
34.4 32.0 36.8 32.8 35.7 40.1 42 .3 40.3 35.6 34.5 36.3 400.8 2258.3 -146.5 -2.1 
6 79 86 78 80 82 83 84 88 87 85 81 
31.1 32.0 33.8 39.6 42.9 34.3 40.0 36.2 38.0 39.2 41.3 408.4 2310.4 -140.1) -2.0 CO ~ 
7 13 20 12 14 16 17 18 22 21 19 15 
35.8 34.6 38.4 40.0 37.9 39.6 35.6 39.7 44.5 41.1 40.3 427.5 2382.2 -182.8 -2.6 
8 2 9 1 3 5 6 7 11 10 8 4 
29.0 32.1 24.6 33.8 30.7 37.5 37.8 40.9 35.5 39.8 36.0 377.7 2235.9 - 30.3 -0.4 
9 112 119 III 113 115 116 117 121 120 118 114 
36.3 31.0 33.8 41.0 34.9 36.9 39.0 36.5 39.5 38.0 39.1 406.0 2251.6 -184.4 -2.7 
10 46 53 45 47 49 50 51 55 54 52 48 
35.5 34.5 31.3 32.5 37.4 37.3 41.8 41.8 45.1 41.8 37.6 416.6 2227.6 -272.0 -3.9 
11 101 108 100 102 104 105 106 110 109 107 103 
31.7 31.0 35.1 33.8 39.2 36.1 34.5 41.8 42.0 40.8 39.5 405.5 2257.7 -175.3 -2.5 
Column totals 362.8 361.7 359.9 388.1 402.6 405.8 424.6 420.2 428.5 425.9 416.6 4,396.7 
Vc 2274.6 2235.1 2243.8 2276.2 2308.5 2208.4 2271.9 2285.4 2342.2 2320.7 2324.6 25091.4 
M 97.8 64.9 84.4 - 52.4 -107.1 -226.4 -275.7 -235.8 -228.8 -234.7 ...,175 .0 -1288.8 
c ' c 1.6 1.1 1.4 - 0.9 - 1.8 - 3.8 - 4.6 - 3.9 - 3.8 - 3.9 - 2.9 
Tabl e 33-(contin ued). 
(Variety numbers in boldface type.) 
REPLICATE 6 
Column Row 
Row 2 3 4 5 6 7 8 9 10 11 totals Vr L c ' r 
96 50 44 27 4 21 56 73 ll9 79 102 
42.1 34.6 38.4. 37.7 35.4 38.2 30.4 32.4 33.5 36.8 34.2 393.7 2265.7 - 96.5 -1.4 
2 24 llO 93 87 64 70 ll6 1 47 18 41 
37.4 34 .0 42.8 33 . 4 35 .. 0 34.6 24.1 29.6 30.7 33.0 36.0 370.6 2186.8 - 36.8 -0.5 
3 84 38 32 15 ll3 9 55 61 107 67 90 
40.0 37.8 39.1 35 .7 39.2 37.0 25 .8 31.3 36.6 34.9 32.8 390.2 2309.3 - 31.9 -0.5 
4 36 111 105 99 76 82 7 13 59 30 53 
31.0 40.2 33.2 34.3 42.7 38.1 29 :8 41.7 37.4 41.3 40.5 410.2 2289. 1 -172.1 -2.5 
5 120 74 57 51 28 34 80 97 22 103 5 
37.3 40.9 35.0 40.8 41.4 34.7 33.9 39.7 38.4 37.5 37 .9 417.5 2294.2 -210.8 -3.0 
6 72 26 20 3 101 ll8 43 49 95 66 78 e.o 41.4 43.4 40.5 38.7 40.6 34.6 27.7 36.8 38.0 40.3 40.4 422.4 2291.0 -243.4 -3.5 CI:l 
7 60 14 8 ll2 89 106 31 37 83 54 77 
37.5 41.3 39.1 36.5 40.7 32.2 28.1 37 .0 35.6 43.4 42.3 413.7 2288.6 -193.6 -2.8 
8 108 62 45 39 16 33 68 85 10 91 ll4 
39.3 35.6 36.9 38.5 40.3 38.0 29.4 36.5 44 .3 39.4 44.0 422.2 2260.6 -272.6 -3.9 
9 48 2 117 100 88 94 19 25 71 42 65 
37.6 37.1 41.3 40.8 38.2 40.3 30.5 40.3 41.8 37.3 38.8 424.0 2261.4 -282.6 -4.1 
10 11 86 69 63 40 46 92 109 23 ll5 17 
42.2 37.8 43.6 37.3 39.4 40.4 28.4 37.0 36.2 40.2 35.7 418.2 2296.0 -213.2 -3.1 
11 12 98 81 75 52 58 104 121 35 6 29 
47.2 40.9 40.3 40.0 41.3 34.2 33.3 33 .7 37.6 41.1 40.4 430.0 2348.7 -231.3 -3 .3 
Column total. 433.0 423.6 430.2 413.7 434.2 402.3 321.4 396.0 410.1 425.2 423.0 4,512.7 
Vc 2303.6 2277.7 2312.8 2270.3 2356.0 2299.7 2208.7 2238.7 2236 . 4. 2301. 6 2285.9 25091.4 
M -294.4 -263 . 9 -268.4 -211 . 9 -249 . 2 -114.1 280.3 -137.3 -224 .2 -249.6 -252.1 -1984 . 8 
c ' c - 4.9 - 4.4 - 4.5 - 3.5 - 4.2 - 1.9 4.7 - 2.3 - 3.7 - 4.2 - 4.2 
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TABLE 34. V AlUETAJ. TOTAL YIELDfl. 
1 2 3 4 5 6 7 8 9 10 11 
174.0 183.2 197 .8 214.2 196.8 198.7 212.1 219.9 202.6 210.9 225.7 
12 13 14 15 16 17 18 19 20 21 22 
242.6 217.0 232.1 213.1 228.8 205.6 194.9 197.1 221.1 227.4 202.5 
23 24 25 26 27 28 29 30 31 32 33 
207.8 217.4 236.8 230.2 215.9 218.8 235.3 231.7 208.2 210.8 204.2 
34 35 36 37 38 39 40 41 42 43 44 
218.2 210.9 180 .2 188.6 217.8 221.4 202.8 205.8 192.4 192.5 227.7 
45 46 47 48 49 50 51 52 53 54 55 
190.4 206.2 169 .9 209.6 191.1 186.9 205.1 218.4 202.9 239.4 207.7 
56 57 '58 59 60 61 62 63 64 65 66 
170 .9 196.2 197 .9 212 .8 197.0 178.1 195.6 200.1 199.7 214.1 203.8 
67 68 69 70 71 72 73 74 75 76 77 
218.9 197 .6 222.5 212.2 207.6 212.6 213.8 211.4 213.0 214.1 203.3 
78 79 80 8.1 82 83 84 85 86 87 88 
211.2 217.7 220.0 223.1 234.5 199.5 207.7 204.7 195.7 192.1 204.2 
89 90 91 92 93 94 95 96 97 98 99 
204.1 203.3 195.5 199.1 208.1 203.5 209.0 211. 5 215.8 209.6 198.0 
100 101 102 103 104 105 106 107 108 109 110 
206.7 218.1 190.7 204.8 207.1 186 .8 189.4 216.5 194.7 226.7 216.2 
III 112 113 114 115 116 117 118 119 120 121 
199 .0 207.1 232.8 216.9 203.8 196.5 206.2 203.6 189.0 204.6 192.1 
For row 1 replicate 2, 
L = 2,358.3 - 6(403.8) = -64.5. 
The L values are totaled for each replicate and are entered m 
table 33 as indicated. For replicate 1 the total of the L's is 
94.3 + 24.5 + ... + 29.5 = 1,538.4. 
As a check, the sum of the L values for a given replicate should 
equal 
(grand total of individual yields) - r (replicate total). 
Thus for replicate 1, 
1,5~8.4 = 25,091.4 - 6(3,925.5). 
The sum of the L values from all the replicates should equal 
zero. 
(1,538.4) + (-313.8) + (-28.2 ) + (2,077 .2) 
+ (-1,288.8 ) + (-1,984.8 ) = 0. 
The Vc and M values at the foot of each column are computed 
in a similar manner to the V rand L values. 
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Vc = the sum of the total yields of all varieties 
appearing in the column. 
M = Vc - l' (column total). 
]'01' column 1 replicate 1, 
V c = 207.7 + 206.7 + 189.0 + 214.1 -i- 204.2 
+ 191.1 + 232.1 + ]98.7 + 196.2 + 205.8 
+ 199.1 = 2,244.7 and 
M = 2,244.7 - 6(318.4) = 334.3. 
The total of the M values in a given replicate should equal the 
L values for that replicate; consequently, the same checkfl givcn 
for L values apply to the M values. Also the flum of the Vc's 
should equal the grand total in each replicate. 
CALCur,ATION • FOR 'fHE ANALYSIS OF VARIANCE 
'l'he steps in computing the analysis of variance are as follows: 
1. The correction term for the mean is . 
. = (25,091.4)2=867 187 82 COl. 726 , .. 
2. The total sum of squar.es is 
(30.9)2 + (33.7)2 + ... + (40.4)2 - cpr. 
= 881,842.24 - 867,187.82 = 14,654.42. 
3. The sum of squares for replicates is 
(3,925.5)2+ (4,234.2)2+ ... + (4,512.7)2 
-- 121 -cor. 
= 870,030.13 - 867,187.82 = 2,842.31. 
4. The sum of squares for varieties (ignoring rows and 
columns) is 
( 174.0) 2 + (183.2) 2 + ... + (192.1) 2 
----.----'6--------- cor. 
= 871,182.41 - 867,]87.82 43,994.59. 
5. The sum of squares for rows eliminating varieties is the 
sum of the squares of the L values, with the divisor 
1/ 4 k(k2 - 1), minus the sum of the squares of the repli-
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TABLE 35. ANALYSIS OF VARIANCE OF LATTICE SQUARE EXPERIMENT 
WITH (k+I)/2 REPLICATES. 
Source of variation Degrees of freedom Sum of squares Mean square 
Replicates (T-I) 5 2,842.31 
Rows eliminating varieties T(k-l) GO 1 ,502.43 25.040=Er 
Columns eliminating varieties T(k -I) GO 3,793.14 63.219=E 
Varieties (ignoring rows 
and columns) (k2-I 120 3,994.59 
Error (intra-block) (k'-I)(T-2) 480 2,521.95 5.254 =E. 
Total (Tk'-I) 725 14,654.42 
cate totals of the L's, with the divisor 1/ 4 k2 (k 2 - 1) . 
(94.3)2+ (24.5)2+ ... + (-231.3)2 
-----------33-0----------
(1,538.4)2+ (-313. W+ ... + (-1,984.8)2 
-----------3630 -------
= 4,913.21 - 3,410.78 = 1,502.43 . 
6. ' The sum of squares for columns eliminating varieties is 
the sum of the squares of the M values, with the divisor 
1/ 4 k(k2 - 1), minus the sum of the squares of the repli-
cate totals of the ]1's, with the divisor 1/ 4 k 2 (k 2 - 1 ) . 
(334.3) 2+ (153.4) 2+ ... + (-252.1) 2 
330 
(1,538.4)2+ (-313.8)2+ . .. + (-1,984.8)2 
3630 .----
= 7,203.92 - 3,410.78 = 3,793.14. 
7. To get the sum of squares for the intra-block error, sub-
tract from the total sum of squares the sums of squares 
for replicates, varieties (ignoring rows and columns), 
rows eliminating varieties and columns eliminating varie-
ties. 
• 14,654.42 - (2,842.31 + 3,994.59 + 1,502.43 
+ 3,793.14) = 2,521.95 
The analysis of variance is summarized in table 35. 
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ADJUSTMENTS OF VARIETY TOTALS 
Two weighting factors A and p. are now computed. (These fac-
tors correspond to Yates' Alp and p.l p, where p is the number 
of plots per block. ) 




where E r, E c and E e are respectively the mean squares for rows 
eliminating varieties, columns eliminating varieties and intra-
block error, k is the number of plots per block and 1" is the total 
number of replicates. If E r is less than E e, A is taken to equal 
zero and .the variety totals are not adjusted for rows. If E c is 
less than E e, p. is taken equal to zero and the variety totals are 
not adjusted for columns. If Er and E c are both less than E e, 
the experiment is analyzed as an ordinary randomized complete 
blocks design and no corrections are applied to the variety totals. 
In our example, 
25.040-5.254 19.786 
X=(11)(5)(25.040)= 1,377.200=0.0144 and 
63.219-5.254 57.965 
J1. = (11)(5)(63.219) = 3,477.045 = 0 .0167. 
The corrections cr' and co' (corresponding to Yates' 8 and £) 
are computed by multiplying the individual Land M values 
respectively by A and p. and are shown opposite the rows and 
colnmns in table 33. In replicate 1, the first cr' value is . 
0.0144(94.3 ) = 1.4 and the first co' value is 
0.0167(334.3 ) = 5.6. 
'1'he I).djusted variety total yields, are shown in table 36. For 
each variety there are two adjustments, one for rows and one for 
columns in which the variety appears, from each of the repli-
cates. In our example there are 6 replicates, so the total num-
ber of corrections for each variety is 12. The row and column 
in which variety 4 appears are 2 and 7 respectively in replicate 
1; 9 and 11 in replicate 2; 9 and 1 in replicate 3; 11 and 3 in 
replicate 4; 8 and 11 in replicate 5 and 1 and 5 in replicate 6. 
1'hus for variety 4 the adjusted total yield is 
214.2 + 0.4 + 2.1 + 1.0 - 1.3 - 1.4 - 3.1 
+ 0.7 + 1.5 - 0.4 - 2.9 - 1.4 - 4.2 = 205.2. 
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TABJ)E 36. ADJUSTED VARIETY TOTALS AND MEAN YIELDS. 
1 2 3 4 5 6 7 8 9 10 11 
175 .S 192 . 1 200.4 205.2 IS7.4 206.0 212.3 215.9 216.2 214.5 224.0 
29.3 32.0 33.4 34.2 31.2 34.3 35.4 36.0 36.0 35.S 37.3 
12 13 14 15 16 17 18 19 20 21 22 
239.0 223.5 231.1 212.S 223.1 201.S ISS.5 210.2 217.2 227.0 197 . 7 
39.S 37.2 38.5 35.5 37.2 33.6 31.4 35.0 36.2 37.S 33.0 
23 24 25 26 27 28 29 30 31 32 33 
205.2 220.7 234.7 221.1 214.5 225.2 22S.4 223.0 21S .7 214.5 204.1 
34.2 36.S 39.1 36.S 35.S 37.5 3S.1 37.2 36.4· 35.S 34.0 
34 35 36 37 38 39 40 41 42 43 44 
213.5 209.2 176 .3 199.1 215.6 212.1 20S.6 20S.1 IS9 .2 199 .2 222.7 
35.6 34.9 29.4 33.2 35.9 35.4 34.8 34.7 31.5 33.2 37.1 
45 46 47 48 49 50 51 52 53 54 55 
IS5.7 215.1 176.9 197 . 1 192 . 9 IS4 . . 5 19S .9 211.3 199.7 229.9 2]].0 
31.0 35.S 29.5 32.S 32.2 30.S 33.2 35.2 33.3 3S.3 35.2 
56 57 58 59 60 61 62 63 64 65 66 
193 .4 199 .S 197.S 212.9 IS9.3 ISO . 7 ISS . 4 199 .9 202.7 203 .0 212.2 
32.2 33.3 33.0 35.5 31.6 30 . 1 31.4 33.3 33.S 33.S 35,4 
67 68 69 70 71 72 73 74 75 76 77 
220 . 5 205.7 21S.7 221. 2 211.S 206.7 207 .S 214.3 219.2 217.4 20S .5 
36.8 34.3 36.4 36.9 35.3 34.4 34.6 35.7 36.5 36.2 34.S 
78 79 80 81 82 83 84 S5 86 87 88 
216.S 219.0 226.2 21 7 .2 23S.0 189 .5 214.0 202.6 196 .2 193 .5 193.7 
36.1 36.5 37.7 36.2 39.7 31.6 35.7 33.S 32 . 7 32.2 32.3 
89 90 91 92 93 94 95 96 97 98 99 
20S.4 205 . 0 194.3 203.S 221.S 202.5 210 .5 215.0 218.1 202.9 192 .4 
34 . 7 34.2 32.4 34.0 37.0 33 .8 35. 1 35.8 36.4 33.8 32.1 
100 101 102 103 104 105 106 107 108 109 110 
211.2 213.6 197.7 207.4 217 .4 183.5 IS6.0 20S.5 199.4 21S . 7 205.) 
35.2 35.6 33.0 34.6 36.2 30.6 31.0 34.S 33.2 36.4 34.2 
111 112 113 114 115 116 117 118 119 120 121 
21Ll 209.9 233.6 216.3 19S.4 195.5 199 .3 )90.4 192.0 201 .2 192.5 
35.2 35.0 3S.9 36.0 33.1 32.6 33.2 31.7 32.0 33.,5 32 . 1 
STANDARD ERRORS OF 'l'HE DIFFERENCES BE'l'WEEN ADJUSTED 
VARIETY MEANS 
1. The standard error of the difference between the mean 
yields of two varieties that appear together in one of the rows is 
2. 'J.'he standard error of the difference between the mean 
J 
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yields of two varieties that appeal' together in one of the col-
umns is 
~2~e [1 ~1kTI~Uc -OJL] 
= ~~(§.:54) [1 + 12 (0.0144)2+ ~O (0.Oi~7)] 
= Yl.75(3(i.1699) = Y2.0488 = 1.431. 
3. The average standard error of the difference between two 
variety means is 
~2~e [1 +~(A2+ JL)J 
= (2(5.254) [1+11(0 .0144+0.0167)J 
\) 6 2 . 
= Y1.7 513 (1.1710) = Y2.0508 = 1.432. 
El"FICIENCY- Ol~ THE LA'IHrICE SQUAHE DESIGN HELA'l'IVE '1'0 
RANDOMIZED COMPLETE BLOCKS 
If the experiment were arranged in randomized complete 
blocks of k 2 plots, the average errol' variance per plot (E e') 
would be the total of the sum of squares of rows eliminating 
varieties, of columns eliminating varieties and of the intra-block 
enol' divided by the sum of the corresponding degrees of free-
dom. 
E 1= 1,502.43 + 3,793.14 + 2,521.95 = 13029 
e ' 60 + 60 + 480 . . 
For the lattice square design the average effective variance 
pel' plot is 
E e [ 1 + k (A2 + JL 2] = 5.254 ( 1.1 7 1 0) = 6. 1 52. 
Thus the efficiency of the lattice square design relative to 
randomized complete blocks is 
13.029 
-6.152 = 212 percent. 
COEFFICIEN'l' OF VARIATION 
The coefficient of variation pel' plot of the lattice square ex-
100 
periment rvith (k + 1)/2 replicates is the effective standard 
error per plot divided by the mean yield per plot, which is 
V6.152 2.48 
34.56 = 34.56 = 7.2 percent. 
CALCULATIONS USING PUNCHED CARD MACHINES 
CODING DATA AND PUNCHING CARDS 
For each plot a card is punched including the data for the 
character or characters that are to be analyzed, the variety 
number, the replicate number, the row and column number 
and any other data that one may wish to record and tabulate. 
The row and column numbers used may be those_ before or after 
randomization. The variety total and the cr' and co' values are 
not punched on the cards until certain computations are com-
pleted. The code card used for this illustration is given in 
fig. 5. 







Sort on variety l1um bel' by sorting first on 
column 9, then on column 8 and then on col-
umn 7. 
Control on columns 7, 8 and 9, indicate the 
variety number and tabulate the yield and 
card count for the control groups. There 
should be r = 6 cards for each variety. This 
tabulation will give the unadjusted variety 
totals previously shown in table 34. The tabu-
lation sheet is given in table 37. 
The next step is to punch on the individual 
cards for each variety the corresponding varie-
ty totals. In our example there are 6 cards 
for each variety, one from each replicate. The 
total 174.0 for variety 1 is punched on each of 
the 6 cards for that variety, the total 183.2 
for variety 2 on each of the 6 cards for that 
variety and so on. 
If a duplicating punch is available, the variety 
total is punched by hand on the first card for 
that variety, then this card is placed in the 
duplicator and the total is automatically 
punched on the remaining 5 cards. There is 
less chance for error if the 6 cards for variety 
-o 
• • • ;z:- I 
o 0 0 ~ >-~ ;t == +1 ~ +1 
., ~ E CD..., 
• 4.J • ..... rot ~ ..... C1S ~ ~ ~ ; !! r; ~ :; ~ ... U 
p;; P..r.ol:> >< .. U >~ U U 
O~OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOJOOOOOOOOOOO 
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Variety Variety Card 
no. total count 
111 1 






1 are taken off from the top of the stack (as 
they left the tabulator from the last tabulation) 
and arc placed in the duplicating pUllch. Aft.er 
the variety total has been punched on these 6 
cards, then take the next 6 cards and so on. 
The columns on the card chosen to punch the 
variety totals should be such that a skip bar 
is available for the first of the columns chosen. 
In this example, columns 20, 21, 22 and 23 . 
were used because a skip bar to column 20 was 
available and because these columns had not 
been used previously. This resulted in the 
omission of columns 17, 18 and 19 on the card. 
To check the punching of the variety totals, 
control on the columns used to punch the 
variety totals (20, 21, 22 and 23), indicate 
these columns and the variety number (col-
umns 7, 8 and 9) and tabulate the variety 
yield (columns 10, 11 and 12) and the card 
TABLE 38. TABULATION, STEP 4. (CHECK SHEET.) 
Experiment Variety Variety Variety Card 
no. no. total total count 
2222 111 1 
56 789 0123 012 1 
29 001 1740 1740 6 
29 002 1832 1832 6 
29 003 1978 1978 6 
29 119 1890 1890 6 
29 120 2046 2046 6 






count. The machine sheet is given in table 38. 
The total of columns 10, 11 and 12 for each 
variety should be identical with the. indicated 
columns used for control. The card count for 
each total should be 6. 
Sort on rows by sorting first on column 14 and 
then 13 and then sort on replicate numbe'r, 
column 1. 
'l'his tabulation gives the row total and the sum 
11 r of the variety totals for the varieties that 
appear together in a row. These totals are 
shown in table 33 and are used to compute the 
L values. Major control on replicate number, 
column 1, and minor control on rows, columns 
]3 and 14, and tabulate the yields, columns 10, 
11 and 12, the variety totals, columns 20, 21, 
22 and 23, and the card count for the controls" 
The machine sheet is given in table 39. The L 
values are computed with a calculating ma-
chine using the formula given previously. 
L = (total yield of all varieties appearing 
in the row) -1' (row total). 
The L values are entered on the machine sheet 
as indicated and are totaled by replicates. The 
checks given previously should be used. 
Sort on columns by sorting first on column 16 
and then 15 and then sort on replicate number, 
column 1. 
This tabulation is the same as that for step 
number 6, except that columns 15 and] 6 acre 
used instead of 13 and 14, and is made to com-
pute the M values. Major control on replicate 
number, column 1, and minor control on col-
umns, columns 15 and 16, and tabulate the 
yields, columns 10, 11 and 12, the variety totals, 
columns 20, 21, 22 and 23, and the card count 
for the controls. The machine sheet is shown 
in table 40. The M values are computed with 
a calculating machine using the formula given 
previously. 
M = (total yield of all varieties appearing 
in the column) -1' (column total ) . 
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TABLE 39. TABULATION, STEP 6. (ROW TOTALS. REPLICATE TOTALS AND Vr 
TOTALS, TABLE 32.) 
Experi- Repli- Row Card Row Repli- L Vr Cr' Grand Card 
ment catc no. count totals cate values totals values total count 
no. no. totals 
11 1 0111 111 2222 2222 1 
56 1 34 1 0012 12 123 123 1 
29 1 01 11 3675 94.3 22993 1.4 
29 1 02 11 3728 24.5 22613 0.4 
29 1 03 11 3790 14.2 22882 0.2 
29 1 04 11 3633 67.6 22474 1.0 
29 1 05 11 3377 250.0 22762 3.6 
29 1 06 11 3363 225.2 22430 3.2 
29 1 Q7 11 3388 276.7 23095 4.0 
29 1 08 11 3298 274.1 22529 3.9 
29 1 09 11 3592 162.8 23180 2.3 
29 1 10 11 3627 119.5 22957 1.7 
29 1 11 11 3784 39255 29.5 1538.4 22999 0.4 250914 121 
29 2 01 11 4038 
- 64.5 23583 -0.9 
29 2 02 11 3685 25.7 22367 0.4 
29 2 03 11 3793 - 70.8 22050 -1.0 
29 2 04 11 3965 -8 6.9 22921 -1.3 
29 2 05 11 3896 -54.1 22835 -0.8 
29 2 06 11 3861 -5.3 23113 -0.1 
29 2 07 11 3877 -76.5 22497 -1.1 
29 2 08 11 3914 - 42.6 23058 -0.6 
29 2 09 11 3626 66.9 224 25 1.0 
29 2 10 11 3938 - 34.9 23279 - 0.5 
29 2 11 11 3749 42342 29.2 -313.8 22786 0.4 250914 121 
29 3 01 11 3419 232.6 22840 3.3 
29 3 02 11 3394 195.8 22322 2.8 
29 3 03 11 3843 1.3 23071 0.0 
29 3 04 11 3702 13.0 22342 0.2 
29 3 05 11 3790 - 35.9 22381 -0.5 
29 3 06 11 3928 - 113.0 22438 - 1.6 
29 3 07 11 4039 -71.2 23522 -1.0 
29 3 08 11 3968 - 67.8 23130 -1.0 
29 3 09 11 3974 - 97.7 22867 -1.4 
29 3 10 11 4012 -83 .8 . 23234 - 1.2 
29 3 11 11 3797 41866 
-1.5 -28.2 22767 0.0 250914 121 
29 4 01 11 3461 161.1 22377 2.3 
29 4 02 11 3384 263.2 22936 3.8 
29 4 03 11 3285 277.9 22489 4.0 
29 4 04 11 3560 189.4 23254 2.7 
29 4 05 11 3657 87.1 22813 1.3 
29 4 06 11 3392 249.3 22845 3.6 
29 4 07 11 3438 273.2 23360 ':3.·9 
29 4 08 f1 3406 241.1 22847 3.5 
29 4 09 11 3469 137.9 22193 2.0 
29 4 10 11 3519 147.6 22590 2.1 
29 4 11 11 3786 38357 49.4 2077.2 23210 0.7 250914 121 
29 5 01 11 3779 -9.9 22575 -0.1 
29 5 02 11 3806 43.3 23269 0.6 
29 5 03 11 3657 -28.0 21662 -0.4 
29 5 04 11 4300 -162.9 24171 -2.3 
29 5 05 11 4008 -146.5 22583 -2.1 
29 5 06 11 4084 -140.0 23104 -2.0 
29 5 07 11 4275 -182.8 23822 -2. 6 
29 5 08 11 3777 -30.3 22359 - 0.4 
29 5 09 11 4060 -184.4 22516 -2.7 
29 5 10 11 4166 -272.0 22276 -3. 9 
29 5 11 11 4055 43967 -175.3 -1288.8 22577 -2.5 250914 121 
29 6 01 11 3937 -96.5 22657 - 1.4 
29 6 02 11 '3 706 -36.8 21868 - 0.5 
29 6 03 11 3902 -31.9 23093 -0.5 
29 6 04 11 4102 . - 172.1 22891 -2.5 
29 6 05 11 4175 -210.8 22942 -3.0 
29 6 06 11 4224 -243.4 22910 
-3.5 
29 6 07 11 4137 -193.6 22886 -2.8 
29 6 08 11 4222 -272.6 22606 -3.9 
29 6 09 11 4240 -282.6 22614 -4.1 
29 6 10 11 4182 -213.2 22960 -3.1 
. 29 6 11 11 4300 45127 -231.3 -1984.8 23487 -3.3 250914 121 
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TABLE 40. TABULATION, STEP 8. (COLUMN TOTALS, REPLICATE TOTALS AND V, 
TOTALS, TABLE 32.) 
Experi- Repli- Column Card Column Repli- JIf Ve Ce' Grand Card 
ment cate no. count totals cate values totals values . total count 
no no. totals 
11 1 0111 111 2222 2222 1 
56 56 1 0012 12 123 123 1 
29 1 01 11 3184 334.3 22447 5.6 
29 1 02 11 3540 153.4 22774 2.6 
29 1 03 11 3633 95.7 22755 1.6 
29 1 04 11 3708 62.8 22876 1.0 
29 1 05 11 3778 35.5 23023 0.6 
29 1 06 11 3517 132.9 22431 2.2 
29 1 07 11 3694 125.8 23422 2.1 
29 1 08 11 3620 171.4 23434 2.9 
29 1 09 11 3611 69.1 22357 1.2 
29 1 10 11 3513 141.2 22490 2.4 
29 1 11 11 3457 39255 216.3 1538.4 22905 3.6 250914 121 
29 2 01 11 3470 162.8 2244;8 2.7 
29 2 02 11 3436 144.2 22058 2.4 
29 2 03 11 3519 207.3 23187 3.5 
29 2 04 11 3472 89.6 21728 1.5 
29 2 05 11 3949 -38.1 23313 -0.6 
29 2 06 11 4228 -137.3 23995 -2.3 
29 2 07 11 4252 -224.6 23266 -3.8 
29 2 08 11 4155 -161.3 23317 -2.7 
29 2 09 11 4013 -148.3 . 22595 -2.5 
29 2 10 11 4023 -130.8 22830 -2.2 
29 2 11 11 3825 42342 -77.3 -313.8 22177 -1.3 250914 121 
29 3 01 11 4117 - 184.0 22862 -3.1 
29 3 02 11 4017 -81.1 23291 -1.4 
29 3 03 11 4340 - 224.4 23796 -3.7 
29 3 04 11 3841 -50.1 22545 -0.8 
29 3 05 11 3973 -66.4 23174 -1.1 
29 3 06 11 3607 110.7 22749 1.8 
29 3 07 11 2871 521.3 22439 8.7 
29 3 08 11 ... 3465 132.9 22119 2.2 
29 3 09 11 - 3840 -36.6 22674 - 0.6 
29 3 10 11 3913 -39.6 23082 -0.7 
29 3 11 11 3882 41866 - 110.9 -28.2 22183 -1.9 250914 121 
29 4 01 11 3120 352.8 22248 5.9 
29 4 02 11 3579 128.1 22755 2.1 
29 4 03 11 3695 90.8 23078 1.5 
29 4 04 11 3633 79.5 22593 1.3 
29 4 05 11 3645 135.6 23226 2.3 
29 4 06 11 3645 146.4 23334 2.4 
29 4 07 11 3386 206.2 22378 3.4 
29 4 08 11 3355 192.0 22050 3.2 
29 4 09 11 3398 257.2 22960 4.3 
29 4 10 11 3487 229.6 23218 3.8 
29 4 11 11 3414 38357 259.0 2077.2 23074 4.3 250914 121 
29 5 01 11 3628 97.8 22746 1.6 
29 5 02 11 3617 64.9 22351 1.1 
29 5 03 11 3599 84.4 22438 1.4 
29 5 04 11 3881 -52.4 22762 -0.9 
29 5 05 11 4026 -107.1 23085 -1.8 
29 5 06 11 4058 -226.4 22084 -3.8 
29 5 07 11 . 4246 -275.7 22719 -4.6 
29 5 08 11 4202 -235.8 22854 -3.9 
29 5 09 11 4285 -2 28.8 23422 -3.8 
29 5 10 11 4259 -234.7 23207 -3.9 
29 5 11 11 4166 43967 -175.0 - 1288.8 23246 -2.9 250914 121 
29 6 01 11 4330 -294.4 23036 -4.9 
29 6 02 11 4236 -263.9 , 22?77 -4.4 
29 6 03 11 4302 -268.4 23128 -4.5 
29 6 04 11 4137 -211.9 227 03 -3.5 
29 6 05 11 4342 -249.2 23560 -4.2 
29 6 06 11 4023 -114.1 22997 -1.9 
29 6 07 11 3214 280.3 22087 4.7 
29 6 08 11 3960 -137.3 22387 ' -2.3 
29 6 09 11 4101 -224.2 22364 -3.7 
29 6 10 11 4252 -249.6 23016 -4.2 
29 6 11 11 4230 45127 -252.1 -1984.8 22859 -4.2 250914 121 
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CALCULA'l'IONS FOR 'l'HE ANALYSIS OF VARIANCE 
'1'he procedure for getting the total sum of squares with a 
tabulating machine is given under steps 18 and 19 of the punch-
ed card machine instructions for the triple lattice design. The 
progressive totals are given in table 41. 
The sum of squares for varieties is also obtained using' a 
'tabulating machine since, in step 3, the corresponding variety 
total has already been punched on the individual cards for 
each variety. Consequently, by taking the cards for a single 
replicate, there is a card for each variety with the corresponding 
variety total punched on it. The progressive totals for getting 
the variety sum of squares are given in table 42. 
The remainder of' the sums of squares are computed from 
the tabulation sheets using a calculating machine. 
TABLE 41. PROGRESSIV.I'; TOTALS ]<'OR TOTAL SUM 0]<' SQUARES. 
Progressive total s 
Bxperinlent Digits , Yield Sums' Card 
no. count 
1 111 1 
56 2 12 1 
Units 
29 9 14328 42 
29 8 40270 116 
29 7 62675 181 
29 6 87213 254 
29 5 118898 345 
29 4 144310 418 
29 3 172327 497 
29 2 198029 573 
29 1 216994 1055041 628 
29 0 250914 726 
Tens 
29 9 28803 82 
29 8 49467 '141 
29 7 79254 226 
29 6 96874 276 
29 5 119501 343 
29 4 144866 417 
29 3 169849 491 
29 2 193546 561 
29 1 220428 110 2588 X 10 639 
29 25 0914 726 
Hundreds 
29 4 37713 91 
29 3 221673 619 
29 2 250733 725 
29 1 250914 761038 X 100 726 
881,842.2H 
• The prQgressive totals opposite the zero digits are not included in the 
SUlns. 
t Division by 101} is made because the yields per plot are given in tenths. 
..-....... 
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786495 X 100 







































= 8711 B!. 41 
• The progressive tota ls opposite the zero digits a re n ot included in the 
sU lns. 
t Division by 10 0 i" made because the y ields pe,' plot a re g iven in tenths . 
ADJUSTMENTS OF VARffiTY TOTALS · 
Unless k is less than 7, the adjustments of the variety totals 
are made more quickly using the tabulating machine. 
Machine 
9. Sorter 









Sort on row by sorting on column 14 and then 
13 and then sort on replicate number, column 1. 
The corrections for rows (c/ ) given on the 
machine sheet in table 39 are coded by adding 
a number so that there will be no negative 
values.14 In our example 10.0 was added al-
gebraically, to each C,.I. The cards are in the 
order of replicates and rows within replicates. 
Take the top k cards (11 in our example) 
which are the cards for the 11 varieties in row 
1 replicate 1 and put them in the duplicating 
punch. Punch by hand the coded c,.' value, 
11.4, for this row (the first coded c/ value in 
table 39 ) on the first card in the columns 25, 
26 and 27, a skip bar being available for col-
umn 25. Then place this card in the dupli-
cator and automatically punch the same coded 
c/ value on the next 10 cards. Next take the 
11 cards for row 2 replicate 1 and punch the 
next coded c/ value, 10.4, on these cards and 
so on. Since the sum of the uncoded c/ values 
should equal zero, the sum of the coded c,.' 
values should equal 726 X 10.0 = 7260.0. 
Sort on columns by sorting on column 16 first 
and then 15 and then sort on replicate number, 
column 1. 
The corrections for columns, the coded co' 
values, are punched on the cards in the same 
way as the corrections for rows were punched. 
In coding the ce' values, 10.0 was added al-
gebraically to each of them. 
Sort on variety number, columns 9, 8 and 
then 7. 
Control on columns 7, 8 and 9 and tabulate 
yield, columns 10, 11 and 12, the c/ values, 
columns 25, 26 and 27, the co' values, columns 
30, 31 and 32, and the card count for the con-
trol. The adjusted variety total yield is com-
puted with a calculating machine from the 
machine sheet in table 43. 
U For an alternate method of handling negative numbers see steps 36, 40, 
44 and 48 of the punched card machine instructions for the cubic lattice 
design. 
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TABLE 43. TABULATION. STEP 14. (UNADJUSTED VARIETY TOTALS 









Variety Variety Sum of Sum of Card 
no. totals cr'values ee'values count 
111 222 333 01 
789 12 567 12 01 
001 1740 614 604 06 
002 1832 641 647 06 
003 1978 5~6 630 06 
120 
121 
2046 612 554 
1921 640 565 
Adjusted variety total yield = 





(c/ + co') 
Since 10 was added to each of the cr' and co' 
values and since 6 cards make up the total for 
the cr' correction and 6 for the co' correction, 
120 must be subtracted from the sum of the 
coded corrections to get the Ullcoded correc-
tions. For variety 1, the adjusted variety total 
yield is 
174.0 + (61.4 + 60.4) - 120.0 = 175.8. 
LATTICE SQUARE WITH (k + 1) REPLICATES 
The construction, field plans, method of analysis and inter-
pretation of the lattice square design are given by Yates (18). 
An experiment conducted in 1939 to test k 2 = 49 double-
crosses of corn is used to illustrate the computations for the 
analysis of a lattice square design with (k + 1) replicates. Eight 
replicates each with k = 7 blocks consisting of k = 7 plots were 
used. Each plot had 2 rows each with 10 hills. 
PROCEDURE OF COMPUTATIONS USING CALCULATING 
MACHINES 
Table 44 gives the plot yields in pounds of ear corn in the 
random arrangement of blocks and plots as they appeared in 
the field. The row, column and replicate totals are obtained and 
are entered in table 44 as indicated. 
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TABLE 44 . PLOT YIELD IN POUNDS OF LATTICE SQVARE 
EXPERIMENT WITH (k + 1) REPLICATES. 
(Varie ty number s in boldface t ype .. ) 
Replicate 1 
Column Row 
Row 2 3 4 5 6 7 totals 
18 20 17 15 19 21 16 
24.2 21.6 28.2 28.4 22.0 28.3 32. 7 185.4 
2 4 6 3 1 5 7 2 
22.3 24.5 29 .9 23.4 26.0 26 .4 25 .3 177 .8 
:5 32 34 31 29 33 35 30 
23.0 16 .3 17 .6 16.0 17 . 7 21.8 25 . 1 137 .5 
46 48 45 43 47 49 44 
17 .3 18 .7 17 . 9 15.4 ]6 .5 8.0 17 .8 111 .6 
5 39 41 38 36 40 42 37 
] l}.6 12.4 ],5 .3 13.2 IO . G I B.7 17 .0 100 .8 
6 11 13 10 8 12 14 9 
1l.7 10.6 18. I 12. I 8 .2 14 . 4 13.1 88.2 
7 25 27 24 22 26 28 23 
12 .5 9 .5 12.8 13.4 10 .8 13 . 4 11.7 84 . 1 
Co!umn 
totals 126.6 113.6 139.8 121 . 9 III .8 129.0 142.7 885.4 
Repli cate 2 
21 33 45 2 8 27 39 
29 . 1 29.3 31.3 27 . 1 25.0 18 .3 20 . 7 180.8 
2 34 46 9 15 28 40 3 
29.1 33. 7 29.6 36. 1 33.2 20.6 28.0 210.3 
3 1 20 32 38 44 14 26 
29.4 26.4 33.0 32 . 1 30.6 29.Q 29.9 210 . 4 
4 47 10 22 35 41 4 16 
27.5 32.9 27.1 25.8 38 .2 25.6 33.3 210 . 4 
5 11 23 42 48 5 17 29 
25.2 26.1 32. 0 30 .8 37. 7 31.5 38.4 221.7 
G 37 7 19 25 31 43 · 13 
20.6 20.9 30.3 29 .5 31.6 37 .6 22.3 192.8 
7 24 36 6 12 18 30 49 
15.7 13.9 14.0 22.7 17.4 23.6 16.0 123.3 
Column 
totals 176.6 183.2 197 .3 204.1 213 .7 186 :2 188 .6 1,349 . 7 
The next step is to compute table 45. The calculations are as 
follows: 
1. From the individual plot yields in the 8 replicates In table 
44 obtain the yariety total yields and enter in column 2 table 45. 
Thus for variety 1 the total yield is 
23.4 + 29.4 + 12.5 + 22.2 + 18.4 + 17.6 + 19.3 + 26.5 169.3. 
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T able 44- (continued). 
(Variety numbe rs in boldface type.) 
Replicate 3 
Column Row 
Row 2 3 4 5 6 7 totals 
28 48 10 19 39 . 1 30 
18.9 11.1 13.3 12.6 7. 6 12.5 11.2 87.2 
2 16 36 5 14 34 45 25 
21.2 11. 6 15.1 13. 1 14.3 16.2 14.3 105.8 
3 43 21 32 41 12 23 3 
23.2 16.2 15.5 13.4 14.2 15.3 18 .5 116.3 
4 6 26 37 46 17 35 8 
23.2 12.9 15.5 15.1 13.3 15.5 19 .7 115.2 
5 33 4 15 24 44 13 42 
20.9 16 . 0 18. 6 15.9 12 .3 15 .8 17 .6 117 .1 
6 38 9 27 29 7 18 47 
20.4 16.5 18.5 16 .7 21.7 19.9 20.2 133.9 
7 11 31 49 2 22 40 20 
19.1 20.2 14.0 20.2 14 .9 19.1 20.0 127 .5 
Column 
totals 146 .9 104.5 llO . 5 107 . 0 98 . 3 l14.3 121.5 803.0 
Replicate 4 
Row 
1 41 26 7 15 11 45 30 
16.7 12 .4 10.9 14 . 0 14.2 20.0 27.3 115.5 
2 49 34 8 23 19 4 38 
13 . 1 21.6 17.7 17.7 22.5 17.7 26.5 136 .8 
3 9 43 24 39 35 20 5 
22.4 23.1 18.5 22 .2 17. 5 15.7 24.0 143 .4 
4 33 18 48 14 3 37 22 
19 .6 18 .5 16.3 21.7 20.5 15.3 20.0 131. 9 
5 17 2 32 47 36 28 13 
22.4 18 .9 14.9 21.1 17.4 16 .1 22.7 133 . 5 
6 25 10 40 6 • 44 29 21 
22.5 22.8 12 .8 20.9 17 . 1 17.6 22.0 135.7 
7 1 42 16 31 27 12 46 
22 .2 17 . 3 16 . 1 17 .8 22.1 12 .2 22.9 130.6 
Column 
totals 138 .9 134 . 6 107 .2 135.4 131.3 114 .6 165.4 927.4 
As a check, the sum of the variety totals should equal the 
sum of the 8 replicate totals. 
2. For each variety a sum is obtained of all the rows, one 
from each replicate, in which the variety appears and is entered 
ill column 3. For variety 1 the sum is 
177.8 + 210.4 + 87.2 + 130.6 + 141.3 
+ 143.1 + 146.7 + 154.3 = 1,191.4~ · 
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Table 44-(continued) . 
(Variety numbers in boldface type.) 
Replicate 5 
Column R ow 
Row 2 3 4 5 ? 7 totals 
18 4 32 46 39 11 25 
23.S 15 . 7 23. 7 20.6 17 .3 19.4 22 .. 1 142 . 6 
2 20 6 34 48 41 13 27 
19.2 18.5 19.7 26.2 18 .2 21.4 22.4 145.6 
3 17 3 31 45 38 10 24 
22 . 6 17 .3 21.9 · 21.3 17.5 26 . 1 21.6 148.3 
4 15 1 29 43 36 8 22 
21.5 18.4 21.0 19 .2 16 .9 24.4 19.9 141.3 
19 5 33 47 40 12 26 
23.2 27.3 28.9 20.9 -26. 1 21.2 18 .2 165.8 
6 21 7 35 49 42 14 28 
22.4 21.0 25.2 17.3 17 .6 IS.1 20.0 141.6 
7 16 2 30 44 37 9 23 
19.4 20.0 22.6 25.5 20.3 20.0 18 .3 146.1 
Column 
totals 152 . 1 138.2 163 . 0 151.0 133 .9 150 .6 142 .5 1.031.3 
R eplicate 6 
21 34 1 47 11 37 24 
26 .2 21.5 17 .6 26.8 17.2 10.8 23.0 143 . 1 
2 33 46 20 10 23 7 36 
23.0 21.4 19.7 25.S 22.1 16 .9 26. 1 155.0 
3 45 9 32 22 42 19 6 
25.4 22.6 17 .8 20.S 20.5 19 . 5 29.2 155.8 
4 2 15 38 35 48 25 12 
24.8 23.8 20.1 24 . 7 18.2 19 .6 31.9 163.1 
5 8 28 44 41 5 31 18 
25.4 20.7 14 . 0 26.9 17 .6 16.8 24.6 I r 146.0 
14 43 
i t l.. 6 27 40 4 17 30 
24.5 18 .2 18.5 22.1 20.6 13.4 19 .3 I 136 .6 
, I I ~ 
7 39 3 26 16 29 13 49 I 
23.7 21.8 19 .4 27 .5 19.9 13 . 1 15.4 I 140.8 
Column 
totals 173 . 0 150 . 0 127 . 1 174.6 136 . 1 1l0 . 1 169 .5 1 .040.4 
T'he sum of this column should equal k=7 times the grand 
total. 
3. For each variety a sum is obtained of all the columns in 
which the variety appears and is entered in column 4. For varie-
ty 2 the sum is 
142.7 + 204.1 + 107.0 + 134.6 + 138.2 
+ 173.0 + 147.3 + 180.9 = 1,227.8. 


























































































































































































































































4. In column 5, D is obtained by subtracting column 4 from 
column 3 for each yaricty. For variety 3, D is 
1,244.3 - 1,212.9. = 31.4. 
The total of column 5 should egual exactly zero. 
5. The L' value for each variety in column 6 is 
(k X column 2) (k + 1) (column 3) + grand total. 
For variety 5, L' is 
7(195.1) - (8) (1,280.1) + 8,289.5 -585.6. 
TABLE 45. COMPUTATIONS FOR ANALYSIS OF VARIANCE AND ADJUSTED VARIETY TOTALS. 
2 3 4 5 6 7 8 9 10 11 
Totals of Totals of 
rows columns Adjusted Adjusted 
Variety containing containing variety variety 
Variety total given given D L' J K kIf total mean 
number yields variety variety yields yields 
1 169.3 1 , 191. 4 1,163.7 27.7 - 56.6 - 28.9 137.3 165.0 171. 0 21.4 
2 184.6 1 , 262.0 1 , 227.8 34.2 -514.3 -480.1 -274.9 -240.7 170.7 21.3 
3 191. 8 1,244.3 1 , 212.9 31.4 -322.3 -290.9 -102.5 - 7l.1 184.4 23.1 
4 161. 8 1 , 256 . 0 1,133.1 122.9 -625.9 -503.0 234.4 357.3 155.8 19.5 
5 195 . 1 1,280.1 1,187.7 92.4 -585.6 -493.2 61.2 153.6 186 .4 23 .3 
6 179.8 1 , 182.8 1 , 206.7 - 23.9 85.7 61.8 - 81.6 -105.5 179.7 22.5 
7 161.5 1 ,232.1 1,093.7 138.4 -436.8 -298.4 532.0 670.4 164.3 20.5 
8 164 . 1 1 , 131.9 1 , 186.2 - 54.3 383 .0 328.7 2.9 - 51.4 170 .6 21.3 f-' f-' n 171.0 1 , 176.9 1 ,212.4 - 35.5 71.3 35.8 -177.2 -212.7 168.8 21.1 ..,. 
10 187 .4 1 , 157.0 1 , 209.7 - 52.7 345.3 292.6 - 23.6 - 76.3 192.8 . 24.1 
11 152.7 1 , 164.7 1 , 188.3 - 23 . 6 40 . 8 17.2 -124.4 -148.0 151. 0 18.9 
12 158.0 1 , 110.7 1 ,202 . 0 - 91.3 509.9 418.6 -129.2 -220.5 164.1 20.5 
13 150.8 1, H5. 2 1,147.8 - 2.6 183 .5 180.9 165.3 162.7 157.0 19.6 
14 158.1 1 , 135.1 1 , 166.0 - 30.9 315.4 284.5 99 . 1 68.2 165.3 20.7 
15 186.5 1 , 252.3 1 , 171 .2 81.1 -473 .4 -342.3 144.3 225.4 182.1 22.8 
16 203 .6 1,249 .9 1,252.4 - 2 . 5 -284.5 -287 . 0 -302.0 -304.5 193.1 24.1 
17 181.8 1 , 228.6 1,166.5 62 . 1 -266.7 -204.6 168.0 230.1 180.5 22.6 
18 181.8 1 ,202.9 1 , 257.9 - 55.0 - 61.1 -116.1 -446.1 -501 . 1 172.3 21.5 
19 172 . 1 1,241.1 1,118.5 122.6 -434.6 -312.0 423.6 546 .2 172.9 21.6 
20 172.5 1 , 298.8 1,133 .0 165.8 -893.4 -727.6 267.2 433.0 162.6 20.3 
21 185 . 7 1 , 228.3 1 , 223.4 4.9 -237.0 -232.1 -202.7 -197.8 177 .8 22 . 2 
22 159 .3 1,165 . 1 1 ,239. 6 - 74.5 83.8 9.3 -437.7 -512.2 152.4 19.0 
23 153.8 1 , 187 .2 1 , 169.5 17.7 -131.5 -113 . 8 - 7.6 10.1 151. 4 18.9 
24 145.7 1 ,081. 3 1,140.5 - 59.2 659.0 599.8 244 . 6 185 .4 161. 4 20.2 
25 158 .6 1,120.1 1,153.7 - 33.6 438.9 405.3 203.7 170 . 1 169.9 21.2 
Table 45- (continuecl). 
2 3 4 5 6 8 9 10 11 
Totals of Totals of 
rows columns Adjusted Adjusted 
Variety containing containing variety variety 
Variety total given given D L' J K M' t otal mean 
number yields variety variety yields yields 
26 147 . 8 1 , 169.8 1., 116.2 53.6 - 34.3 19 . 3 340.9 394.5 153.7 19 . 2 
27 164 . 0 1 , 127.9 1.213.8 85 , 9 414.3 328 . 4 -187.0 -272.9 167.4 20 . 9 
28 .171 . 2 1 , 141.4 1 .222.4 81.0 356.7 275.7 -210.3 -291. 3 173.2 21.6 
29 178 . 7 1 , 240.8 1 , 157.6 83.2 -386.0 -302 . 8 196.4 279.6 176.0 22 .0 
30 173 . 6 1 ,068.4 1 , 266.0 -197.6 957.5 759 . 9 -425.7 -623.3 181.6 22 . 7 
31 181.1 1 ,208.1 1.215.7 7.6 - 107.6 -115.2 -160.8 -168.4 176.2 22 .0 
32 180.2 1 ,217 . 1 1,163 .8 53.3 -185.9 -132 . 6 187 . 2 240.5' 180.6 22 . 6 
33 182.8 1 , 191.3 1 , 233.4 42.1 38. 7 - 3.4 -256.0 -298.1 17'8.6 22.3 f-' 
34 168.3 1 , 205 . 8 1,138 .6 67 . 2 -178.8 -111.6 291.6 358. s' 170. ~ 21.4 f-' 
35 174 . 9 1 , 235.1 1 , 224. 1 11.0 -367 . 0 -356.0 -290.0 -279 .0 163.2 20.4 
e,., 
36 .147.1 1 ,081.8 1 , 163 .6 81.8 664.8 583.0 92.2 ' 10.4 160 . 0 20 . 0 
37 147.4 1.158.8 1 , 114.9 43.9 50.9 94.8 3.58.2 402.1 155.1 19 . 4 
38 181.7 ' 1 , 222.7 1 ,236 . 1 13.4 -220.2 -233 .6 -314.0 -327 . 4 172.0 21.5 
39 151. 2 1 , 109.7 1 , 174.2 64 . 5 470.3 405.8 18.8 - 45.7 , 159 .5 19.9 
40 155 . 2 1 ,205.3 1 , 122.3 83.0 -266.5 -183.5 314.5 397.5 156 . 7 19 . 6 
41 172 .5 1 , 129.0 1 , 205.8 76 . 8 465.0 388.2 - 72 .6 -149.4 178 .9 22.4 
42 175 . 9 1 , 202.4 1.178.6 23.8 - 98.4 - 74.6 68.2 92.0 175.5 21.9 
43 177 .. 2 1 , 184.0 1 , 175 . 5 8.5 57.9 66.4 117.4 125 . 9 180.4 22.6 
44 152.0 1 , 177 . 7 1 , 160.0 17.7 - 68.1 - 50.4 55.8 73.5 151. 9 19 . 0 
45 180.1 1 , 154.3 1 , 201.3 47 . 0 315.8 268 .8 - 13 .2 - 60 . 2 185.2 23.2 
46 171. 7 1 , 185 .9 1 , 219.3 - 33.4 4.2 - 29.2 -229.6 -263.0 167.4 20.9 
47 180.4 1 , 220.5 1.206 . 6 13.9 -211. 7 -197.8 - 114.4 - 100 .5 174.7 21.8 
48 169.7 1 , 187.9 1 , 153.6 34.3 - 25.8 8 .. 'i 214 .3 248.6 173.4 21 7 
49 117 . 4 1 ,075.0 1 , 198 .9 -123.9 .'ill .3 387 . 4 -356.0 . :....479.9 119.2 14 !I 
Total 8 ,289 . 5 58,026.5 58,026. Ii 0 .0 0.0 0 . 0 0 . 0 0.0 8 , 289.6 
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The total of column 6 should equal exactly zero. 
6. Column 7 is obtained by adding columns 5 and 6. For 
variety 49, J is 
-123.9 + 511.3 = 387.4. 
The total of column 7 should equal exactly zero. 
7. Column 8, I(,js 
column 7 + (Ie - 1) (column 5). 
For variety 2, K is 
-480.1 + 6(34.2) = -274.9. 
The total of column 8 should equal exactly zero. 
8. Column 9, M', is the sum of columns 5 and 8. For variet.y 
3, M'is 
31.4 - 102.5 = - 71.1. 
A check for M' is 
(k X column 2) - (k + 1) (column 4) + grand total 
= 7(191.8 ) - 8(1,212.9) + 8,289.5 = - 71.1. 
The total of column 9 should equal exactly zero. 
9. The 3cdjusted variety totals arc computed after the calcula-
tions of the analysis of variance and the correctionR are com-
pleted. 
CALCULA'l'WNS FOR THE ANALYSIS OF VARIANCE 
The steps in computing the analysis of variance are as follows: 
1. The correction term for the mean,is 
cor. = (\29829~-== 175,295.43. 
2. The total sum of squares is 
(24.2)2 + (21.6)2 + ... + (23.5)2 - cor. 
= 187,479.01 - 175,295.43 = 12,183.58. 
3. The sum of squares for replicates is 
(885.4)2+(1,349.7)2+ ... +(1,257.3)2 
49 
= 180,149.86 - 175,295.43 = 4,854.43. 
cor. 
4. The sum of squares for varieties (ignoring rows and col-
nmns) is 
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(169.3)2+ (184.6)2+ ... + (117.4)2 
8 - cor. 
= 176,798.63 - 175,295.43 = 1,503.20. 
5. The sum of squares for rows eliminating varieties is given 
by the sum of squares of the L' values, with k3 (k + 1) as the 
divisor. 
(-56.6)2+ (-514 .3)2+ ... + (511.3)2 
2,744 2,553.08. 
6. The sum of squares for columns eliminating varieties is 
given by the sum of squares of the M' values, with kR (k + ]) 
as the divisor. 
(165.0)2+J.-240.7)2+ ~ (-479.9)2 = 1521 1;;3 
2,744 ' .u. 
7. The sum of squares for rows elimina.ting varieties a.nd 
columns is given by the sum of squares of the J values, with 
I;} (k - 1) as the divisor. 
(-28.9)2+ (.:....480.1)2+ ... + (387.4)2 =2 38706 
2,058 ' . . 
8. The sum of squares for columns eliminating varieties and 
rows is given by the sum of squares of the If values, with k~ 
(k-1) as the divisor. 
(137.3) 2+ (-274.9) 2+ ... +(-356.0)2 = 1 35549 
2,058 ' . . 
9. The error sum of squares is obtained by subtraction, in-
cluding either rows eliminating varieties only . and columns 
eliminating both 'varieties and rows, or, alternatively, rows 
eliminating both varieties and columns and columns eliminating 
varieties only. This provides an additional check. 
The analysis of variance is summarized in table 46. 
ADJUS'L'MENTS OF VARIETY TOTALS 
The weighting factors A and p. are now computed. (These fac-
tors correspond to Yates' A'/ p and p.'/ p, where p is the number 
of plots per block.) 
- ~ _ (E,-E.) (kEe-E.) and 
- (k-1) (k2E,Ee-E.2) 
(Ee-E.) (kE,-E.) 
J.L= (k-1) (k2E,Ee-E•2) 
where k is the number of plots per block, Ee is the mean square 
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TABLE 46. ANALYSIS OF VARIANCE OF LATTICE SQUARE EXPERIMENT 
WITH (k+1) REPLICATES. 
Source of var!ation Degrees of freedom Sum of squares Mean square 
---------- --------------------------
Replicates (r- 1) 7 4,854.43 
Rows eliminating varieties r(k-1 48 2,553.08 
Columns eliminati ng 
varieties r (k-1 ) 48 1 ,521.53 
Rows eliminating variefes 
and columns r(k-1) 48 2,387.06 49.730 =Er 
Columns eliminating varieties 
and rows r(k-1) 48 1 ,355.49 28.239 =Ec 
Varieties (ignoring rows 
and columns) (k2 -1) 48 1,503.20 
Error (intra-block) (k2 -1) (r -3) 240 1 ,9 17 .38 7 .989 =E. 
Total (rk'-I) 391 12 , 183 .58 
for columns eliminating varieties and rows, Er is the mean 
square for rows eliminating varieties and columns and Ee is the 
error mean square. If E r is less than E., A is taken equal to 
zero and the variety totals are not adjusted for rows. If E c 
is less thanE., p. is taken equal to zero and the variety totals 
a\'e not adjusted for columns. If Er and E c are both less tha1l 
or equal to E e, the experiment is analyzed as an ordinary ran-
domized complete blocks design and no corrections are applied 
to the variety totals. . 
In our example 
A _ (49.~0-7.~89) [7 (28.239) -7.989 t 
- 6 [(49) (49.730) (28.239)-(7.989)2] 
7,917.60 00 9 d 
= 412,488.74 = . 1 2 an 
(28.239-7,989) [7 (49.730) -7.989] 
IL = 6 [ (49) (49.730) (28.239) - (7.989)2] 
6;887.45 
= 412,488.74 = 0.0167. 
The adjusted varie.ty total yields are calculated by multiply-
ing the L' and M' values by A and p. respectively and adding 
these corrections to the corresponding unadjusted total yields. 
The required data are in table 45 and the adjusted variety total 
yields are placed in column 10. The adjusted total yield for 
variety 4 is 
161.8 + 0.0192 ( -625.9) + 0.0167 (357.3) = 155.8. 
The unadjusted total is placed in the calculating machine, being 
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careful to align the decimal point correctly for the succeeding 
operations. Then the products for the corrections are added or 
subtracted by multiplying with the plus or minus bar depending 
upon the sign of the correction. The grand total of the adjusted 
yields should equal the grand total of the unadjusted yields, 
within the limits of rounding. 
S'l'ANDARD ERROR OF 'fHE DIFFERENCES BETWEEN ADJUSTED 
VARIETY MEANS 
The standard error of the difference between any two ad-
justed variety means is 
~2~e[ l+k(A+Jl) ] = ~2 (7.:89) [1+7 (0.0192+0.0167)] 
= '\11.9972 (1.2513) = '\12.4991 = 1.581. 
EFFICIENCY OF 'l'HE LATTICE SQUARE DESIGN RELATIVE TO 
RANDOMIZED COMPLE'rE BLOCKS 
__ If the experiment were arranged in, randomized complete 
blocks of k2 plots, the average error variance per plot (Eo') 
would be the total of the sum of squares of rows eliminating 
varieties, of columns eliminating varieties and rows (or rows 
eliminating varieties and columns and columns eliminating varie-
ties) and of the error divided by the sum of the corresponding 
degrees of freedom. 
E,=2,553:08+1,355.49+1917.38 =17339 
• 48+48+240 .. 
For the lattice square design the average effective variance 
per plot is 
E.[l+k(A+Jl)] =7.989(1.2513) =9.997. 
Thus the efficiency of the lattice square design relative to 
randomized complete blocks is 
17.339 
9.997 = 174 percent. 
COEFFICIEN'l' OF VARIATION 
The coefficient of variation per plot of the lattice square ex-
periment with (k + 1) replicates is the average effective stand-
ard error per plot qivided by the mean yield per plot, 
'\19.997 t3 .16 
21.15 = 21.15 =14.9 percent. 
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CALCULATIONS USING PUNCHED CARD MACHINES 
CODING DATA AND PUNCHING CARDS 
For each plot a 'card is punched showing the charactcr or 
characters that are to be analyzed. Also, each plot must be 
coded so that the required tabulations can be made. The code 
card used is shown in fig. 6. Columns 11 and 12 give the row 
o,nd column numbers respectively in which the variety appears. 
]'01' example, variety 12 in replicate 1 appears in row 6 and 
column 5. The row and column totals are not punched until 
later. The remainder of the card is punched in the same way 
as for previous designs. 












Sort on rows, column 11, and then on rephcate 
number, column 1. 
Major control on column 1 and minor control 
on column 11 and tabulate yield and card 
count for the controls to get the row and 
replicate totals. The machine sheet ' is given in 
table 47. 
On each of the cards for the varieties within 
a row, punch the corresponding row total. '1'0 
illustrate, the total 185.4 for row 1 replicate 
1 is punched on each of the cards, on columns 
15, 16, 17 and 18, for varieties 18; 20, 17, 15, 
19, 21 and 16. The total 177.8 is punched on 
each of the cards for the varieties in row 2 
replicate 1 and so on. 
To check the punching, control on row total, 
columns 15, 16, 17 and 18, and tabulate yield, 
columns 8, 9 and 10, and the card count for 
the control groups. The indicated control and 
the corresponding total yield should be iden-
tical. The machine sheet is given in table 48. 
Sort on column number, card column 12, and 
then on replicate number, column 1. 
Major control on column 1 and minor control 
on column 12 and tabulate vield and card 
count for the controls to get the column and 
replicate totals. The machine sheet is given in 
table 49. . 
On each of the cards for the varieties within a 
column punch the corresP.onding column total. 
,; 
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rABLE 47. TABULATION, STEP 2. (ROW AND REPLICATE TOTALS, 
TABLE 43.) 
Experiment Replicate Row Row Card Replicate Card 
no. no. no. totals count totals count 
1 1 1 1 1 
45 1 1 890 1 890 1 
16 1 1 1854 7 
16 1 2 1778 7 
16 1 3 1375 7 
16 1 4 1116 7 
16 1 5 1008 7 
16 1 6 882 7 
16 1 7 841 7 8854 • 49 
16 2 1 1808 7 
16 2 2 2103 7 
16 2 3 2104 7 
16 2 4 2104 7 
16 2 5 2217 7 
16 2 6 1928 7 
16 2 7 1233 7 13497 49 
16 3 1 872 7 
16 3 2 1058 7 
16 3 3 1163 7 
16 3 4 1152 7 
16 3 5 1171 7 
16 3 6 1339 7 
16 3 7 1275 7 8030 49 
16 4 1 1155 7 
16 4 2 1368 7 
16 4 3 1434 7 
16 4 4 1319 7 
16 4 5 1335 7 
16 4 6 1357 7 
16 4 7 1306 7 9274 49 
16 5 1 1426 7 
16 5 2 1456 7 
16 5 3 1483 7 
16 5 4 1413 7 
16 5 5 1658 7 
16 5 6 1416 7 
16 5 7 1461 7 10313 49 
16 6 1 1431 7 
16 6 2 1550 7 
16 6 3 1558 7 
16 6 4 1631 7 
16 " 6 5 1460 7 
16 6 6 1366 7 
16 6 7 1408 7 10404 49 
16 7 1 1489 7 
16 7 2 1449 7 
16 7 3 1391 7 
16 7 4 1401 7 
16 7 5 1336 7 
16 7 6 1467 7 
16 7 7 1417 7 9950 49 
16 8 1 1543 7 
16 8 2 1931 7 
16 8 3 1819 7 
16 8 4 1805 7 
16 8 5 1772 7 
16 8 6 1898 7 
16 8 7 1805 7 12573 49 
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TABLE 48. TABULA'1'ION, STEP 4. (CHECK SHEET.) 











no. n o. totals tota ls count 
1 1111 1 1 
1 1 5678 890 1 
1 1 1854 1854 7 
1 2 1778 1778 7 
1 3 1375 1375 7 
8 6 1898 1898 7 
8 7 1805 1805 7 
In our example, the total 126.6 for column 1 
replicate 1 is punched on each of the cards, on 
columns 20, 21, 22 and 23, for varieties 18, 4, . 
32, 46, 39, 11 and 25. The total 113.6 is punch-
ed on each of the cards for the varieties in 
column 2 replicate 1 and so on. 
The same tabulation is made to check the 
punching of the column totals as is made in 
step 4 to check the punching' of the row totals 
except that columns 20, 21, 22 and 23 are used 
j nstead of columns 15, ] 6, 17 and ] 8. See 
table 50. 
Sort on variety number, columns 6 and 7. 
Control on variety number, columns 6 and 7, 
and tabulate yield, columns 8, 9 and 10, row 
totals, columns 15, 16, 17 and 18, column totals, 
columns 20, 21, 22 and 23, and card count as 
shown in table 51. This tabulation gives the 
first 4 columns previously given in table 45. 
The remainder of the computations, D, L', J, J[, M' and the 
adjusted variety totals, are computed with a calculating ma-
chine. 'rhese calculations may be made on the tabulating 
machine sheet to save time and to decrease the chance for errors. 
The same directions given for computing table 45 are used. 
CALCULATIONS FOR THE ANALYSIS OF VARIANCE 
'rhe procedure for getting the total sum of squares with a 
tabulating machine is given under steps 18 and 19 of the punch-
ed card machine instructions for the triple lattice. The progres-
sive totals are shown in table 52. 
The remainder of the sums of squares are computed from the 
tabulating machine sheets using a calculating machine. 
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TABLE 49. TABULATION, STEP 6. (COLUMN AND REPLICATE TOTALS, 
TABLE 43.) 
gxperiment Replicate Column Column Card Replicate Card 
no. no. no. totals count totals count 
1 1 1 1 1 
45 1 2 890 1 890 1 
16 1 1 1266 7 
16 1 2 1136 7 
16 1 3 1398 7 
16 1 4 1219 7 
16 1 5 1118 7 
16 1 6 1290 7 
16 1 7 1427 7 
8854 49 
16 2 1 1766 7 
16 2 2 1832 7 
16 2 3 1973 7 
16 2 4 2041 7 
16 2 5 2137 7 
16 2 6 1862 7 
16 7 1886 7 
13497 49 
16 3 1 1469 7 
16 3 2 1045 7 
16 3 3 1105 7 
16 3 4 1070 7 
16 3 5 983 7 
16 3 6 1143 7 
16 3 7 1215 7 
8030 49 
16 4 1 1389 7 
16 4 2 1346 7 
16 4 3 1072 7 
16 4 4 1354 7 
16 4 5 1313 7 
16 4 6 1146 7 
16 4 7 1654 7 
9274 49 . 
16 5 1 1521 7 
16 5 2 1382 7 
16 5 3 1630 7 
16 5 4 1510 7 
16 5 5 1339 7 
16 5 6 1506 7 
16 5 7 1425 7 
10313 49 
16 6 1 1730 7 
16 6 2 1500 7 
16 6 3 1271 7 
16 6 4 1746 7 
16 6 5 1361 7 
16 6 6 1101 7 
16 6 7 1695 7 
10404 49 
16 7 1 1448 7 
16 7 2 1384 7 
16 7 3 1512 7 
16 7 4 1342 7 
16 7 5 1243 7 
16 7 6 1548 7 
16 7 7 1473 7 
9950 49 
16 8 1 1729 7 
16 8 2 1641 7 
16 8 3 1736 7 
16 8 4 1923 7 
16 8 5 1809 7 
16 .8 6 1716 7 
16 8 7 2019 7 
12573 49 
TABLE 50. TABULATION, STEP 8. (CHECK SHEET.) 
Experilnent Replicate Column Column Column Card 
no. no. no. totals totals count 
1 2222 1 1 
45 1 2 ·0123 890 1 
16 1 1 1266 1266 7 
16 1 1136 1136 7 
16 1 1398 1398 7 
16 8 6 1716 1716 7 
16 8 7 2019 2019 7 
TABLE 51. TABULATION. STEP 10. (VARIETY TOTALS, SUMS OF 
ROWS CONTAINING GIVEN VARIETY AND SUMS OF COLUMNS 
CONTAINING GIVEN VARIETY, TABLE 44.) 
Experiment Variety Variety (. ) (t) Card 
no. no. totals count 
1 1111 2222 1 
45 67 890 5678 0123 1 
16 01 1693 11914 11637 8 
16 Ot 1846 12620 12278 8 
16 03 1918 12443 12129 8 
16 48 1697 11879 11536 8 
16 49 1174 10750 11989 8 
• Sums of rows containing a given variety. 
t Sums of columns containing a given variety. 
TABLE 52. PROGRESSIVE TOTALS FOR TOTAL SUM OF SQUARES. 
Progressive totals 
Experiment Digits Yield Sums· Card 
no. count 
1 1 
45 890 1 
Units 
16 9 6330 30 
16 8 11798 56 
16 7 19754 94 




16 4 44892 214 
16 3 53791 257 
16 2 63745 304 
16 1 74715 3U471 354 
16 0 82895 392 
Tens 
16 9 9359 41 
16 8 16402 75 
16 7 25841 121 
16 6 34145 m· 16 5 41855 
16 4 47496 224 
16 3 55344 261 
16 2 65175 308 
16 1 72366 367983 X 10 342 
16 0 82895 392 
Hundreds 
16 ' 3 8564 26 
16 2 56140 226 
16 1 82.562 147$66 X 100 388 
16 0 82895 187479.01t 392 
• The progressive totals opposite the zero digits are not included in the 
SUlns. 
t Division by 100 is made because the yields per plot are given in tenths. 
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CUBIC LATTICE 
The construction, field plans, method of analysis and inter-
pretation of the cubic lattice design are given by Yates (16) 
and Pope (11). 
An experiment conducted to test k 3 = 4 X 4 X 4 = 64 strains 
of cotton is used to illustrate the procedure for analyzing a 
cubic lattice design. Three repetitions of the basic plan, Xl, Y1J 
Zl; X 2J Y2J Z2; and X aJ YaJ Z aJ were planted making a total 
of nine replicates. Each replicate consisted of k 2 = 16 blocks 
each with k = 4 plots. 
CODING OF VARIETIES 
To follow the directions given for computations, it is neces-
sary to use the system described by Yates (16) for coding the 
varieties. Even if this method was not used in laying out the 
design, the varieties must be so coded before beginning the 
analysis. 
Three digits designated as U J v and W J respectively, are used 
to code the varieties and each takes on values 1 to k. The 
procedure is illustrated with a 3 X 3 X 3 cubic lattice for 27 
varieties. Table 53 gives the complete composition of the blocks 
for each of the groups XJ Y and Z . Within each of the repli-
cates the k 3 varieties are grouped into k 2 blocks each consisting 
of k varieties. For convenience in writing the code, thc k 2 
bJocks are divided into k sets of k blocks each. Also, the pro-
cedure is further simplified by first numbering the blocks fol-
lowing the system used for coding the varieties. In the X 
group, U for each of the blocks is designated by a dot. Within 
each set of blocks, v (for the block numbe!"s) varies from 1 to k; 
and W is constant within a set but varies from 1 to k between 
sets. The block numbers therefore for the first set for the X 
TABLE 53. CODED VARIETIES BY. BLOCKS AND REPLICATES. 
Block X Group Block Y Group Block Z Group 
number (·v w) number (u.w) number (u v·) 
·11 III 211 311 1·1 111 121 131 11 · 111 112 113 
·21 121 221 321 2 ·1 211 221 231 21· 211 212 213 
·31 131 231 331 3·1 311 321 331 31 · 311 312 313 
· 12 112 212 312 1·2 112 122 132 12· 121 122 123 
· 22 122 222 322 2·2 212 222 232 22· 221 222 223 
· 32 132 23.2 332 3·2 312 322 332 32. ' 321 322 323 
·13 113 213 313 1· 3 113 123 133 13· 131 132 133 
·23 123 223 323 2·3 213 223 233 23· 231 232 233 
·33 133 233 333 3·3 313 323 333 33· 331 332 333 
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group are '11, '21, ... , 'kl, for the second set '12, '22, ... , ·k2 
and so on for the other sets through the kth set which are 'lk, 
·2k, ... , ·kk. In our example, the block numbers for the1irst set 
are '11, ·21 and ·31, for the second set '12, ·22 and ·32 and for 
the third or kth set '13, ·23 and ·33. 
The blocks within the Y group are numbered similarly to the 
X group except that the dot is used for the v digit; u varies 
from 1 to k within each set of blocks. The third digit w is 
again constant within a set but varies from 1 to k between sets. 
In our example, the block numbers for the Y group for the 
first set are 1·1, 2·1 and 3·1, for the second set 1·2, 2·2 and 3·2 
and for the third set 1 '3, 2·3 and 3·3. 
For the blocks in the Z group, the dot is used for the w 
digit; t~ varies from 1 ~o k within each set of blocks and v is 
constant within a set but varies from 1 to k between sets. In 
our example, the block numbers for the first set are' 11· ,21' and 
31·, for the second set 12·, 22 · and 32· and for the third set 
13 ·, 23· and 33·. 
We are now ready to code the varieties within the blocks. The 
rule is that in the X group v and ware constant for each of 
the varieties within a block and u varies froni 1 to k; in the 
Y group u and ware constant within a block and v varies from 
1 to k and in the Z group u and v are constant within a block 
and w varies from 1 to k. Having numbered the blocks as indi-
cated, this rule can be applied easily. The dot in the block num-
ber indicates that the corresponding digit for the varieties within 
the block varies from 1 to k. The remaining two digits in the 
variety code are constant within a block and are given by the 
block number. For example, the varieties in block ·32, in the 
X group, are coded 132, 232 and 332, those in block 2·1, in the Y 
group, 211, 221 and 231 and those in block 23' , in the Z group, 
231, 232 and 233. 
PROCEDURE OF COMPUTATIONS USING CALCULATING 
MACHINES 
Since the analysis of a cubic lattice experiment requires a 
considerable amount of arithmetic, it is important to arrange 
the computations in a systematic and orderly manner. For 
example, when previously obtained totals are needed, care must 
bf' taken not only to use the correct ones, but also to use them 
in the correct order. 
The steps in computing all of the basic tables are given first. 
1. The plot yields in pounds are placed in table 54 in the 
random arrangement of the blocks and the plots within blocks. 
Get the block totals, the replicate totals and the grand total. 
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TABLE 54. PLOT YIELDS (POUNDS) FROM CUBIC LATTICE EXPERIl\~ENT. 
(Variety numbers in boldface type.) 
Replicate I, Group y , Replicate 2, Group Z, 
Block Block 
Block totals Block totals 
2·2 232 212 242 222 43· 432 433 434 431 
.3.1 3.4 4.0 3.7 14.2 3.3 3.3 3.4 3.0 13 .0 
4·4 424 434 444 414 32· 322 323 321 324 
3.7 3.5 3.3 3.9 14 .4 3.6 3.4 3.5 3.1 13.6 
1 ·2 122 142 132 112 42· 421 422 423 424 
3.6 2.9 2 .5 3.5 12 .5 2.8 2.1 3.8 3.3 12 . 0 
4·1 441 431 421 411 21· 213 214 212 211 
3.0 3.2 3 . 7 3.9 13.8 2 . 7 2.9 3.3 2.7 11 .6 
3·1 331 321 311 341 14· 144 141 143 142 
3.2 3.6 3.3 2.9 13.0 3 .4 2.4 3 .6 2.9 12 .3 
3·4 334 324 314 344 13· 133 · 132 134 131 
3.5 3.4 2.9 3.7 13 .5 2.7 2.8 3.4 3.7 12.6 
2·4 224 234 244 214 23· 232 231 233 234 
3.8 3.0 3.8 2.7 13 .3 3.0 3. 7 3.6 2 .. 5 12 .8 
4·2 412 442 422 432 12 · 122 124 121 123 
. 3 .5 4.6 3 . 9 3 . 0 15 . 0 3.6 3.8 3.4 3.4 14.2 
3·3 333 313 343 323 41· 412 411 414 413 
3.2 3.6 4.7 4 .4 15 . 9 3.6 3.4 4.0 2.7 13.7 
1 ·1 131 121 141 111 31· 314 312 311 313 
4.0 4.1 3.1 3.7 14 . 9 4.3 3.6 3.5 3.2 14.6 
2 ·3 233 213 243 223 1] . 111 113 112 114 
3.8 3.0 4.0 3.5 14.3 2.9 3.0 3.0 2.6 11.5 
2·1 241 211 231 221 44· 444 441 443 442 
4 . 7 4.2 4.5 4.1 17 .5 2.5 2.9 2.9 3.6 11. 9 
1 ·3 143 123 133 113 34· 344 341 342 343 
4.0 3.5 3.9 4 . 1 15 .5 2.9 3.0 2.9 3.6 12.4 
3 · 2 312 332 322 342 24· 244 242 243 241 
3.2 3.0 3.7 3.6 13 .5 3.6 2.8 3.1 3.7 13 c2 
4·3 423 443 413 433 22· 222 ' 221 224 223 
3.9 4.0 4 . 7 4.2 16 .8 2.9 3.0 3.8 2.8 12.5 
1 ·4 144 114 124- 134 33· 331~ 332 333 334 
4 .5 3.4 4.3 4.9 17 . 1 2.6 . 3.1 3.5 3.9 13.1 
235.2 205.0 
'l'he total for block 2·2 replicate 1 IS 
3.1 1- 3.4 1- 4.0 1- 3.7 14.2. 
The total for replicate 1 is 
14.2 1- 14.4 1- 1- 17.1 235.2. 
The grand total is 
235.2 1- 205.01- . . 1- 200.2 1,926.2 . 
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Table 54-(continued). 
(Variety numbers in boldface type.) 
Replicate 3, Group X, Replicate 4, Group X, 
Block 
Block totals Block 
-
·12 312 412 212 112 ·33 433 333 233 133 
3.9 3.1 4.0 3.3 14.3 3.7 3.2 4. 7 3.2 
·23 223 423 323 123 ·21 221 321 421 121 
4.5 3.2 5.3 3.7 16.7 4.1 3.3 4.1 2.5 
·32 132 332 232 432 ·44 344 444 144 244 
3.3 2.9 2.8 3.3 12.3 3.2 2.9 3.1 3.2 
·14 114 214 414 314 · 31 231 431 331 131 
3 . 1 3.0 3.8 3.3 13.2 3.7 3.0 3.1 3.6 
·44 444 344 144 244 ·41 241 141 441 341 
3.3 3.4 3.6 3.3 13.6 4 . 1 2.8 4.1 4.0 
·43 343 243 143 443 ·24 324 124 424 224 
4.6 4.5 '4 . 9 4.5 18.5 3.5 3.4 4.0 3.5 
·34 234 434 134 334 ·14 414 314 114 214 
3.8 4.0 4.4 4.2 16.4 3.7 3.1 4.5 4.3 
·22 222 322 122 422 ·11 211 411 III 311 
4 :2 3.6 3.4 3.7 14 . 9 3.7 3 _0 3.5 3A 
·24 124 424 324 224 ·42 342 242 142 442 
3.4 3.3 2.8 3.9 13.4 3.8 3.1 2.5 2.9 
·21 221 321 421 121 ·12 112 412 312 212 
3.6 3 .5 3.4 2.9 13.4 3.1 '2.2 2.8 2.5 
· 13 313 413 213 113 ·32 332 232 432 132 
3.2 2.6 2.8 3.0 11. 6 2.7 2.4 3.7 2.8 
· 41 241 341 141 441 ·34 434 134 234 334 
3.3 3.3 2.8 2.9 12.3 3.9 3.1 3.0 3.4 
·11 111 411 211 311 ·43 143 343 243 443 
2.9 3.0 3. 7 3.3 12.9 3.6 3.3 3.4 3.8. 
·33 233 133 333 433 ·22 222 122 322 422 
3.6 4.3 3.5 3.2 14.6 3 . 1 3.2 3.3 2.9 
·31 231 131 431 331 ·23 223 123 423 323 
3.5 3.2 3.5 3.3 13.5 3.6 2 . 9 3.1 3.1 
·42 142 242 442 342 ·13 313 213 113 413 
3 . 0 3.3 2 .9 3 . 3 12.5 4.0 3.2 3.9 3.6 
224.1 



















215 . 1 
2. The block totals from table 54 are summarized in table 55 
by groups in such a way that blocks consisting of the samf: 
varieties are together. Replicates 3, 4 and 8 are independent 
randomizations of group x, replicates 1, 6 and 7 of group Y 
and replicates 2, 5 and 9 of group Z. Blocks ·11 in replicates 
3, 4 and 8 all three contain varieties 111, 211, 311 and 411. 
'l'hese three blocks are therefore grouped together. The remain-
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Ta bl e 54-(continued). 
(Variety numbers in b oldface type.) 
Replicate 5, Group Z, Replicate 6, Group y, 
Block Block 
Block totals Block totals 
13 · 133 132 131 134 4·2 , 432 412 422 442 
2.9 2.5 2.9 3:9 12.2 4.1 3.5 2 . 9 3.0 13 .5 
11 · 112 113 114 111 2·4 214 234 244 224 
2.5 3.1 2 .9 2.9 1l. 4 2.8 2.9 3. 0 3.8 12.5 
22· 221 22'3 222 224 3 ·4 334 344 314 324 
3.2 3. 0 3.6 3.5 13.3 3.2 2.6 2 . 6 2.9 11.3 
33· 331 333 334 332 1 ·3 143 113 123 133 
2.7 3 . 9 3.8 4.0 14.4 4.0 3.2 4.1 3 .3 14.6 
21· 212 213 214 211 2 · 3 233 223 243 213 
3.3 3.2 3.1 2.6 12 .2 4 . 2 3.5 3. 7 3.0 14.4 
32· 324 322 321 323 2 · 2 232 222 242 212 
4.0 3.4 4.0 3.3 14. 7 3.1 3.1 3.3 2.7 12.2 
41 · 411 412 413 414 3 ·3 333 313 323 343 
3.6 2.8 3.4 3 .8 13.6 l.9 2.4 2.7 3.7 10.7 
31 · 312 313 314 311 2 · 1 231 221 241 211 
3.2 3.5 2.3 4.3 13.3 4.1 2.9 4.6 3.1 14.7 
23· 232 234 231 233 3·2 332 312 342 322 
3.0 2.4 4.1 3.4 12.9 3.4 3. 1 4.2 2.4 13 . 1 
43· 433 434 432 431 1 · 4 114 - 124 134 144 
2.8 3.2 3.8 3 .5 13.3 3.7 3.4 3.2 4.2 14 . .'; 
14 · 144 143 141 142 1· 2 132 122 142 112 
2.8 2.9 2.9 3.0 lL .6 3.5 3.9 4.4 3.0 14.8 
42· 422 424 423 421 4·3 413 433 443 423 
3.1 3.3 3.2 3.3 12.9 2.9 2.8 4.3 3.5 13.5 
12 · 123 124 121 122 3·1 321 341 311 331 
3.5 3.8 3.8 3.6 14 . 7 3.7 3.6 3.6 3.3 14 .2 
44· 442 443 441 444 4·1 441 411 421 431 
3.5 3.2 2.8 3.1 12.6 3.1 2.8 3.4 3.9 13.2 
24· 241 244 243 242 1 · 1 III 121 141 131 
3 .8 2 . 6 3 . 0 2 . 8 12.2 2.9 3.8 3 .2 4 . 0 13 .9 
34· 341 342 344 343 4·4 414 444 424 434 
3.1 3.2 2.4 3 . 2 11. 9 4.7 3.1 4.1 3.6 15 .5 
207.2 216.6 
ing blocks are similarly grouped as indicated. Next get the 
totals of the block . sums containing the same varieties. The 
set X total of block ·11 is 
12.9 + 13.6 + 12.9 = 39.4. 
The set totals are designated as a in the X group, b in the y 
group and c In the Z group. Also, get the replicate totals, 
which should check with those obtained previously in table 54. 
In addition, the sum of the replicate totals within a group 
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Table 54- ( continued). 
(Variety numbers in boldface type.) 
Replicate 7, Group Y 3 Replicate 8, Group X. 
Block Block 
Block totals Block total. 
3·4 334 314 324 344 · 41 241 441 431 141 
3.3 3.0 3.8 3.8 13 .9 2.4 3.2 2.8 2.7 11. I 
1·4 114 124 144 134 ·31 331 131 231 431 
3.5 4.2 3.4 4.1 15 .2 3.3 2 . 3 3.7 3.2 12.5 
4·3 413 443 423 433 ·23 223 123 323 423 
3.7 3.7 3.5 3.5 14.4 3.3 2.8 3.8 3.4 13 .3 
2·4 244 224 214 234 ·11 211 311 111 411 
3.9 3.2 3.0 3.0 13.1 3.4 3.2 2 .8 3.5 12 . 9 
4·2 412 442 422 432 ·12 312 212 112 412 
3.4 4.2 2.8 2.6 13 . 0 2.9 2.7 3.7 3.5 12 .8 
I . 1 131 141 111 121 ·33 133 233 333 433 
3.3 3.4 3.3 3.1 13 . 1 3.6 4.2 3.2 4.0 15 . 0 
3·2 312 322 332 342 ·43 343 243 443 143 
2.9 2.7 2.7 3.4 11.7 4.8 3.8 3.0 4.4 16 . 0 
1·3 133 113 143 123 ·44 344 444 144 244 
2.9 2.5 3.2 3.3 11.9 3.5 3.2 4.4 4.6 ]5.7 
4 · 4 434 424 444 ' 414 ·34 334 234 434 134 
3.7 3.2 2.9 3.8 13 .6 3.4 2.5 2.4 3.1 11 .4 
:2·2 222 232 212 242 · 13 313 413 113 213 
3.6 3.8 3.0 3.4 13 .8 2.7 2 . 2 2.7 2.7 10. 3 
3·1 341 321 311 331 '24 124 424 324 224 
4 .0 3.6 3.4 3.5 14 .5 3.1 2.9 3.1 3.5 12.6 
3·3 323 313 343 333 ·22 222 122 422 322 
3.9 3.6 3.8 3.5 14.8 2.8 3 .5 3.6 3.9 13.8 
~ · 1 211 241 221 231 ·42 442 342 142 242 
3.3 3.1 3.0 3.4 12 .8 3.0 3.8 3.1 3.9 13.8 
2·3 233 223 243 213 · 14 414 214 314 114 
3.1 2.4 2.9 2.6 11.0 4.2 3.6 3.2 3.7 14 .7 
4·1 431 411 421 441 ·21 321 121 221 421 
2.8 2.2 2.6 2 . 7 10.3 3.6 3.3 3.8 3.8 14 .5 
1·2 122 142 132 112 ·32 232 432 132 332 
3.0 2.7 2 . 2 2.8 10 .7 3.8 3.5 3.8 3.5 14.6 
207.8 215.0 
should equal the sum of the block totals. For example 111 the 
:y group 
235.2 + 216.6 + 20?8 = 41.9 + 45.0 
+ ... + 43.5 and summing 
659.6 = 659.6. 
'l'his table is omitted when only three replicates are used. 
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Table 54- (continued). 
(Variety numbers in boldface type.) 
l{eplicate 9, Group Z 3 
Block 
Block totals 
13· 134 133 132 131 
2.8 3 . 5 3.3 3.4 13.0 
21· 212 213 214 211 
3.3 3.7 3 . 6 3 . 1 13 . 7 
42 . 422 424 421 423 
3.4 3 . 4 3 . 2 3 . 2 13 . 2 
j,[. 144 143 141 142 
3 . 3 3.6 3.1 3.0 13.0 
11 · 114 111 112 113 
3 .8 3.6 2 . 5 3 . 0 12.9 
'I{ . 442 444 443 441 
3.3 3 . 0 3 . 4 2 .8 12 . 5 
33 · 334 331 333 332 
3 . 3 2.7 2 .8 3. 0 11 .8 
12 · 122 124 123 121 
4.4 3.0 2 .3 . 3.2 12.9 
34· 343 341 342 344 
3.3 3 . 1 3.0 3.1 12.5 
24· 242 243 241 244 
3.0 3. 1 3.5 3 . 4 13.0 
41· 413 412 411 414 
2.9 2.3 3.0 3 . 0 11.2 
31· 313 314 311 312 
2.9 1.4 2 . 9 2 . 6 9 . 8 
22· 221 224 223 222 
2 . 4 3 . 1 3 . 1 3 . 7 12 . 3 
32 · 324 321 323 322 
3 . 0 2.9 3 . 5 3 . 1 12 . 5 
23 · 233 232 234 231 
3.9 2.4 2 . 5 4.2 13 . 0 
43 · 431 432 433 434 
2 . 9 3.0 3 . 5 3 . 5 12 . 9 
200 . 2 
Grand total 1 ,926 . 2 
3. The variety totals are obtained and are put in two dif-
ferent arrangements as shown in tables 56 (a) and 56 (b) . In 
table 56 (a) the varieties are grouped in the same order as 
given previously for the X group in table 53 in explaining the 
procedure for coding the varieties. There are k = 4 sets of 
kXk=4X4 variety totals and they are designated as W 1, W 2, Ws 
and W 4 • The row totals are the sums of the varieties that ap-
pear together in blocks in the X group and the column totals 
~ 
Block X Group 
no. ---------
Xl X, X, 
------
· 11 12.9 13.6 12.9 
· 12 14.3 10.6 12.8 
·13 11.6 14.7 10.3 
· 14 13.2 15.6 14.7 
· 21 13.4 14.0 14 . 5 
·22 14 . 9 12.5 13.8 
· 23 16.7 12.7 13.3 
·24 13.4 14.4 12.6 
· 31 13.5 13.4 12 . 5 
· 32 12.3 11. 6 14.6 
• 
· 33 14 . 6 14.8 15.0 
·34 16.4 13.4 11.4 
·41 12 . 3 15 . 0 11.1 
· 42 12 . 5 12.3 13.8 
·43 18.5 14.1 16.0 
· 44 13 . 6 12.4 15 . 7 
------
Sum 224.1 215.1 215.0 
TABLE 55. BLOCK TOTALS FROM TABLE 54. 
Set X Set Y 
totals Block YGroup totals Block 
--- no. ------------ no. 
a Yl y, y, b 
---------------------
39.4 1·1 14.9 13 . 9 13.1 41. 9 11· 
37.7 2·1 17.5 14.7 12.8 45.0 12· 
36.6 3·1 13.0 14.2 14.5 41. 7 13· 
43.5 4·1 13.8 13.2 10.3 37 . 3 14· 
41.9 1 · 2 12.5 14.8 10.7 38.0 21 · 
41.2 2·2 14.2 12 . 2 13.8 40.2 22· 
42.7 3·2 13.5 13.1 11.7 38.3 23· 
40 . 4 4·2 15.0 13.5 13 . 0 41.5 24· 
39.4 1 · 3 15.5 14.6 11.9 42.0 31· 
38.5 2·3 14.3 14 , 4 11.0 39.7 32 · 
44 . 4 3·3 15.9 10.7 14 .8 41.4 33 · 
41.2 4·3 16.8 13.5 14.4 44.7 34· 
38.4 1·4 17.1 14 . 5 15.2 46.8 41· 
38.6 2·4 13.3 12.5 13 . 1 38.9 42 · 
48.6 3 · 4 13.5 11.3 13.9 38.7 43· 
41.7 4·4 14.4 15.5 13 . 6 43.5 44· 
---------------------
654 . 2 Sum 235.2 216.6 207 .8 659.6 Sum 




Zl Z , Z, 
------
11. 5 11.4 12.9 
14 . 2 14.7 12 . 9 
12 . 6 12.2 13 . 0 
12.3 11. 6 13 . 0 
11. 6 12.2 13.7 
12 . 5 13.3 12.3 
12.8 12.9 13 . 0 
13.2 12.2 13 . 0 
14.6 13.3 9.8 
13 . 6 14 . 7 12 .5 
13.1 14 . 4 11.8 
12.4 11.9 12.5 
13.7 13.6 11.2 
12 . 0 12.9 13 . 2 
13.0 13.3 12.9 
11. 9 12.6 12 .5 
------











38 . 4 
37.7 
40.8 
39 . 3 
36.8 
38.5 
38 . 1 
39 . 2 





TARLE 56(a). COMPUTATIONAL S HEET ]<'on THE CUBIC J,ATTICE ANALY"I" . 
(Variety Humbers iH boldface type.) 
'IV I I~---~---~~!..-III 211 311 411 
28.5 29.8 30.9 28.4 117 . (j 39 . 4 - O. (i - . H 
121 221 321 421 
30.1 30.1 31.7 30.3 122 . 2 41.9 - 3.5 - .34 
131 231 331 431 
30.4 3J.U 27.7 29 . 0 122 . 0 39.4 3.8 . ),j 
141 241 341 441 
26.4 33.2 29.8 27.5 116 . 9 38.4 1.7 .0 1 
(e) 115.4 128.0 120 . 1 115 . 2 478.7(i) 159 . I (A) 1 .4(J) 
(b) 41. 9 45 .0 41.7 37.3 165.9(B') - 6 .8(A -B' ) 
(m) - 10 .3 - 7.0 - 5.0 3.3 - 19.0(M' ) - 17.6(J+M') 
(c,,') - . 69 - .35 - .24 . 23 - 0 . 104 (1') 
10, 
112 212 312 412 
27.4 28.2 28.2 27.9 111 . 7 37.7 - 1.4 
- .17 
122 222 322 422 
32.2 -30 . 7 29.7 28.4 121 .0 4 1.2 - 2.6 
- .25 
132 232 332 432 . 26. 7 27.4 28.3 30 .3 112 . 7 38.5 - 2.8 
- .26 
142 242 342 442 
27.5 29.6 31.2 31.0 119 .3 38.6 3 .5 . 16 
(e) 113 .8 115 .9 117 .4 117 .6 464.7(i) I 56.0(A) - 3.3(J) 
(b) 38.0 40.2 38.3 41.5 158 .0 (B' ) - 2.0 (A-B') 
(m) - 0 .2 - 4.7 2.5 - 6.9 - 9.3(M') - 12.6 (J+M' ) 
(c ' ) - . 02 - . 19 .26 - .44 - 0 .074 (1') 10, 
113 213 313 413 
28.5 26.9 29.1 28.7 113 .2 36.6 3.4 . 04 
123 223 323 423 
29.5 29.7 33.4 30.8 123 . 4 42.7 - 4.7 - .49 
133 233 333 433 
30.3 34.5 28.7 31.0 124 .5 44 .4 - 8 . 7 - .76 
143 243 343 443 
34.2 31.5 35. 0 32.8 133.5 48.6 - 12. 3 - 1 .00 
(e) 122 .5 122 .6 126 . 2 123.3 494.6(i) ·172.3 (A ) - 22 .3(J) 
(b) 42.0 39.7 41.4 44.7 167.8 (B' ) 4 .5(A-B') 
(m) - 3 .5 3.5 2.0 - 10 .8 - 8.8 (M' ) - 31.1(J+M') 
(c ') - .24 .35 .23 - .70 - 0 . 183(1') 
'". 114 214 314 414 
31.2 29.0 26.1 34.9 121.2 43.5 - 9.3 - . 78 
124 224 324 424 
32.4 32.1 29 .6 31.2 125 .3 40 .4 4 . 1 .11 
134 234 334 434 
32.9 25 . 6 32.0 31.2 121. 7 41.2 - 1.9 - .29 
144 244 344 444 
32.7 31.4 28.6 27.3 120.0 41. 7 - 5.1 - .50 
(e) 129.2 118 . 1 116.3 124 . 6 488 . 2(;) 166 .8(A ) - 12.2 (J ) 
(b) 46.8 38.9 38.7 43 .5 167 .9(B') - 1.1 (A-B') 
(m) -11.2 1.4 0 .2 - 5.9 - 15 .5(M') - 27. 7(J +M') 
(cy') - . 75 . 21 . 11 - . 38 - 0.163(,,) 
(g) 480 . 9 484.6 480 .0 480.7 1926 .2 654 .2(A") -36.4(J") 
(B) 168 . 7 163 .8 160 . 1 167.0 659 .6(B") - 5 .4(A" -B") 
(M) -25 . 2 - 6 .8 - 0.3 -20.3 -52.6(M") -89 .0(J"+M") 
(A') 157 . 2 166 . 2 163.5 167.3 654 .2(A") 
(J') - 7.9 - 6.7 - 9 . 6 -12.2 -36.4(J" ) 
(B-C') 16.4 11.1 5.5 14.2 47 .2(B" _C") 
(M+L') - 1.2 19 . 7 15 . 9 2 . 0 36.4(M"+L") 
(al - 0 . 007 0 . 116 0 . 094 0 . 012 , 
TABLE 56(b). COMPUTATIONAL SHEET FOR THE CUBI C LATTICE ANALYSIS. 
(Variety numbers in boldface type.) 
v, 
III 211 311 411 
28.5 29.8 30 .9 28.4 
112 212 312 412 
27.4 28.2 28.2 27.9 
113 213 313 413 
28.5 26.9 29. 1 28.7 
114 214 314 414 
31. 2 29.0 26.1 34.9 
(I) 115.6 113.9 114.3 119.9 463.7(h) 
(e) 35.8 37 .5 37 . 7 38.5 149.5(C) - 7.7(C-A') (I) 8.2 1.4 1.2 4.4 15.2(L) 7.3(L+J') 
(0 ' ) .58 .14 . 12 .33 0.043 (p) 
v, 
121 221 321 421 
30.1 30. 1 31. 7 30.3 
122 222 322 422 
32.2 30. 7 29.7 28.4 
123 223 323 423 
29.5 29. 7 33.4 30.8 
124 224 324 424 
32 . 4 32.1 29.6 31 : 2 
(I) 124 .2 122.6 124 . 4 120 .7 491.9(h) 
(e) 4 1. 8 38 .1 40.8 38.1 158.8(C) - 7.4(C-A') 
(I) 
- 1.2 8.3 2.0 6.4 15.5(L) 8.8(L+J') 
(e.') - .03 .60 . 18 .47 0. 052 (p) 
v, 
131 231 331 431 
30 .4 34.9 27 . 7 29.0 
132 232 332 432 
26. 7 27 .4 28.3 30.3 
133 233 333 433 
30.3 34.5 28. 7 31.0 
134 234 334 434 
32.9 25.6 32.0 31.2 
(I) 120 .3 122.4 116. 7 
. 
121. 5 480.9(h) 
(e) 37 .8 38. 7 39.3 39.2 155.0(C) - 8.5(C-A') 
(I) 6.9 ' 6.3 - 1.2 3 .9 15.9(L) 6.3(L+JI) 
(e ') .49 .45 - . 04 .29 0.037(P) 
v, 
141 241 341 441 
26.4 33.2 29.8 27 .5 
142 242 342 . 442 
27 .5 29.6 3 1. 2 31.0 
143 243 343 443 
34.2 31.5 35.0 32 .8 
144 244 344 444 
32.7 31.4 28.6 27.3 
(I) 120.8 125.7 124.6 118.6 489.7(h) (e) 36.9 38. 4 36.8 37 . 0 149.1(C) - 18 .2(C-A') (/) 10 .1 10.5 14 . 2 7.6 42.4(L) 30.2(L+J') 
(e,') . 84 . 87 1.12 .68 0.178(p) 
(g) 480 .9 484.6 480. 0 480. 7 1926.2 
(C') 152.3 152. 7 154.6 152.8 612.4(C") -41 .8(C"-A") (U ) 24.0 26.5 16 . 2 22.3 89. o (L") 52. 6(L" + J ") 
a =set totals from table 55. b =set totals from table 55. e =set totals from table 55. 
m=e-3b. j=d-3a. 1=/-3e. 
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are the sums of varieties that appear together in the Y group. 
The variety totals must be rearranged to get the totals of the 
varieties that appeal' together in the Z group. This arrangement 
is given in table 56 (b) and is the same as shown previously for 
the Z group in table 53. Again there are k=4 sets of kXk=4X·i 
variety totals and these are designated as 1'1' v 2 , Va and 1'4' 
The column totals are the sums of the varieties that appeal' 
together in blocks in the Z group. 'fo gct the variety total s, 
the individual plot yields for each variety from the nine repli-
cates in table 54 must be summed. The total yield for variety 
111 is 
3.7 ~ 2.9 ~ 2.9 ~ 3.5 ~ 2.9 ~ 2.9 
~ 3.3 ~ 2.8 ~ 3.6 = 28.5. 
4. Get the row and column totals, d and e respectively, for 
each of the w sets in table 56(a) and the column totals, f, for 
each of the V sets in table 56 (b). For example, the first d is 
28.5 ~ 29.8 ~ 30.9 ~ 28.4 = 117.6; 
the first e is 
28.5 ~ 30.1 ~ 30.4 ~ 26.4 = 115.4 and 
the first f is 
28.5 ~ 27.4 ~ 28.5 ~ 31.2 = 115.6. 
5. Sum the d's for each w set to get the i's. The sums of the 
e's by sets should give the identical totals. For Wl' i is 
117.6 ~ 122.2 ~ 122;0 ~ 116.9 = 478.7. 
'fhe sum of the i's slw\lld equal the grand total obtained pre-
viously in table 54. 
6. Sum the f's for each v set to get the h's. For v J' h is 
115.6 ~ 113.9 ~ 114.3 ~ 119.9 = 463.7. 
The sum of the h's should also equal the grand total. 
7. The a's in table 56 (a) are the set X totals in table 55. 
Care must be taken to get the a values in the correct order. A5 
discussed earlier, the block numbers, in table 54, indicate the 
varieties that appear together to give the block totals. Fat' 
example, block ·11 in replicates 3, 4 and 8 cons~sts of' varieties 
111, 211, 311 and 411; therefore, its a value 39.4 is placed op-
posite the row in table 56(a) that contains these same varieties. 
The value for row ·12 in table 55 is placed opposite the first 
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row in the W 2 set in table 56(a), the a value for row ·34 op-
posite the third row in the W 4 set and so on. 
8. Total the a's for each w set to get the A's. For W 1 A is 
39.4 + 41.9 + 39.4 + 38.4 = 159.1. 
The sum of the A 's is A" and is recorded near the bottom of 
table 56 (a) . As a partial check, this sum should equal the total 
of the three replicates of the X group. 
A" = 159.1 + 156.0 + 172.3 + 166.8 = 654.2. 
9. The b values in table 56(a) are the set Y totals in table 
55. These values are recorded below the columns for the W sets 
in table 56 (a), as indicated, in the same manner as the a's were 
recorded for each row. The b value 39.7 for row 2·3 is placed 
beneath the second column in the Ws set; the b value 38.7 for 
row 3·4 beneath the third column in the W 4 set and so on. 
10. Total the b's for each set to get the B' values. For W 2 , 
B')s 
38.0 + 40.2 + 38.3 + 41.5 = 158.0. 
The sum of the B' values is B" and is placed, as indicated, 
near the bottom of table 56 (a) . As a partial check this sum 
should equal the total of the three replicates of the Y group. 
B" = 165.9 + 158.0 + 167.8 + 167.9 = 659.6. 
11. The c values in table 56 (b) are the set Z totals in table 
55. Again care must be taken to get the c values in the correct 
order. The first two digits in the variety code, which are con-
stant within a block in the Z group, give the block number for 
the C value that should be used for each column in table 56 (b) . 
'1'0 illustrate, the c value 37.8 for block 13· is placed beneath 
the first column in the V3 set of table 56 (b), the c value 38.4 
for block 24· beneath the second column in the V 4 set and so on. 
12. Total the c's for each v set to get the C va lues. For Va> 
C is 
37.8 + 38.7 + 39.3 + 39.2 = 155.0. 
The sum of the O's is 0" and is placed, as indicated, neal' the 
bottom of table 56 (b). As a partial check, this sum should 
equal the total of the three replicates of the Z group. 
0" = 149.5 + 158.8 + 155.0 + 149.1 = 612.4. 
13. Add the e values in the vertical direction to get the 
k = 4 g values. The first e values in each of the w sets are added 
together, so are the second and so on. The third g value is 
120.1 + 117.4 + 126.2 + 116.3 = 480.0. 
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The sum of the 4 g values should equal the grand total. 
14. The B values are computed in the same manner as the 
g's by adding the b's in the vertical direction. The first B is 
41.9 + 38.0 + 42.0 + 46.8 = 168.7. 
The sum B" obtained by adding the B values should be the samr 
sum obtained by adding the B' values. 
15. To get the A' values at the bottom of table 56(a) add 
the first a in each of the w sets, the second in each of the w sets 
and so on. The fourth A' value is 
38.4 + 38.6 + 48.6 + 41.7 = 167.3. 
The sum A" obtained by adding the A' values should equal the 
sum of the A values. 
A" = 157.2 + 166.2 + 163.5 + 167.3 = 654.2. 
16. The g values at the bottom of table 56 (b) are the same 
values obtained in table 56 (a) by adding the e's vertically (see 
step 13). To get the g values from table 56 (b) add the cor-
responding f values, one from each v set, in the vertical direc-
tion. The second g value is 
113.9 + 122.6 + 122.4 + 125.7 = 484.6. 
17. The 0' values at the bottom of table 56 (b) are computed 
by adding the corresponding c's, one from each v set, in the 
vertical direction. The first 0' is 
35 .. 8 + 41.8 + 37.8 + 36.9 = 152.3. 
The sum 0" is computed by adding the 0' values and should 
egual the sum of the 0 'so 
0" = 152.3 + 152.7 + 154.6 + 152.8 = 612.4. 
18. The quantities j, 'In and l are computed from the formulas 
j = d - 3a, 
m = e - 3b and 
l = f - 3c . 
(The symbol m corresponds to Yates' k.) There are k2 = 16 
values for j, m and l. The first j is 
117.6 - 3(39.4) = - 0.6; 
the first m is 
115.4 - 3 (41.9) = - 10.3 and 
the first l value is 
115.6 - 3(35.8 ) = 8.2. 
J 
1:19 
As a partial check the sum of the .j, land m values, ~ (j + I 
+ 111), is equal zero. 
Each of these sets of values forms a k X k = 4 X 4 table for 
which the .marginal totals are J and J', M and M' and Land L', 
respectively. 
19. The J values arc the sums of the j's for each 10 set. For 
set 10ll J is 
- 0.6 + ( - 3.5) + 3.8 + 1.7 = 1.4. 
POI' a check, 
J = i - 3A = 478.7 - 3(159.1) = 1.-:1:. 
The sum of the J's is J". 
J" = ].-:1: + ( - 3.3) + ( - 22.3 ) + ( - ]2.2 ) = - 36.4. 
20. To get the J' values at the bottom of table 56 (a) add the 
first j in each of the 10 sets, the second in each of the 10 sets an(l 
so on. 
The first J' is 
- 0.6 + ( - 1.4) + 3.4 + ( - 9.3 ) - 7.9. 
For a check, 
J' = h - 3A'. 
'l'he sum of the J' values should equal J". Also 
J" = grand total -- 3A" = 1926.2 - 3 (654.2) = - 36.4. 
21. The sums of the 111 values in each 10 set give the M' 
values. For set 10ll M' is 
- 10.3 + ( - 7.0 ) + ( - 5.0) + 3.3 ,,;, - 19.0. 
POI' a check, 
M' = i - 3E'. 
The sum of the M' values is M". 
M" = -190 + (- 9.3) + (- 8.8) + (-15.5) = - 52.6. 
As a check, 
M" = grand total - 3E" = 1926.2 - 3(659.6) = - 52.6. 
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22. The vertical sums of the 'In values, one from each W set, 
give the 1'1 values. The first M is 
- 10.3 + (- 0.2) + (.- 3.5) + (- 11.2) = ~ 25.2. 
For a check, 
M = g - 3B. 
'I.'he sum of the M values should also equal M". 
23. 'I.'he sums of the l's in each v set give the L values. For 
set Vv Lis 
8.2 + 1.4 + 1.2 + 4.4 = 15.2. 
For a check, 
L = h - 30. 
The sum of the L values is L". 
L" = 15.2 + 15.5 + 15.9 + 42.4 = 89.0. 
As a check, 
L" = grand total - 30" = 1926.2 - 3 (612.4) = 89.0. 
24. The vertical sums of the l's, one from each v set, give 
the L' values. The first L' is 
8.2 + (- 1.2) + 6.9 + 10.1 = 24.0. 
As a check, 
L' = g - 30'. 
'I.'he sum of the L' values should also equal L". 
25. For a check, 
J" + M" + L" = O. 
- 36.4 + (- 52.6) + 89.0 = O .
. 26. For each w set compute A - B' and J + M'. 
For set WI 
A - B' = 159.1 - 165.9 = - 6.8 and 
J + M' = 1.4 + (-19.0) = -17.6. 
'I'he sum of the A - B' values is equal to A" - B" and of the 
J + M' values is equal to J" + M". 
A" - B" = - 6.8 + (- 2.0) + 4.5 + (-1.1) = - 5.4 and 
J" + M" = - 17.6 + (- 12.6) 
+ (- 31.1) + (- 27.7) = - 89.0. 
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For checks, 
A" - B" = 654.2 - 659.6 = - 5.4 and 
J" + M" = - 36.4 + (- 52.6) = - 89.0. 
27. For each v set compute 0 - A' and L + J'. The first 
A' and J' values at the bottom of table 56 (a) are used with the 
o and L in set VI' the second A' and J' values with 0 and L in 
set v? and so on. 
For set VI 
o - A' = 149.5 - 157.2 = - 7.7 and 
L + J' = 15.2 + (- 7.9) = 7.3. 
The sum of the C - A' values is 0" - A" and of the L + J' 
values is L" + J". 
0" -A" = -' 7.7 + (- 7.4) + (- 8.5) 
+ (- 18.2 ) = - 41.8 and 
L" + J" = 7.3 + 8.8 + 6.3 + 30.2 = 52.6. 
For checks, 
0" -A" = 612.4 - 654.2 = - 41.8 and 
L" + J" = 89.0 + (- 36.4) = 52.6. 
28. Next the B - 0' and the M + L' values at the bottom 
of table 56 (b) are computed. The first 0' and L' values in 
table 56 (b) are used with the first Band M values in tabl<~ 
56(a), the second 0' and L~ values with the second Band M 
values. Taking the first of each of the two computations, 
B - 0' = 168.7 - 152.3 = 16.4 and 
M + L'= - 25.2 + 24.0 = - 1.2. 
'l'he sum of the B - 0' values is B" - 0" and of the M + L' 
values is M" + L". 
B" - 0" = 16.4 + 11.1 + 5.5 + 14.2 = 47.2 and 
M" + L" = - 1.2 + 19.7 + 15.9 + 2.0 = 36.4. 
For checks, 
B" -0" = 659.6 - 612.4 = 47.2 and 
M" + L" = - 52.6 + 89.0 = 36.4. 
29. Even though a number of partial checks are available in 
computing tables 56(a) and 56(b), the computations should be 
recalculated for a final check before computing the analysis of 
variance. 
J.±2 
CALCULA'fIONS FOR 'l'HE ANALYSIS OF VARIANCE 
The sums of squares for the total, for replicates and for varie-
ties (ignoring blocks) are computed in the ordinary manner. 
The steps in computing the analysis of variance are as follows: 
1. The correction term for the mean is 
cor. = (1,~~~.2) 2 = 6,441.40. 
2. 1'he total sum of squares is 
(3 .1 )2 + (3.7)2 + . . + (3.5)2 - cor. 
= 6,606.52 - 6,441.40 = ]65.12. 
3. The sum of squares for replicates is 
(235.2)2+ (205.0)2+ ... + (200.2)2 
- - --- -----6-4- --- --- --- - co r . 
= 6,455.72 - 6,441.40 = 14.32. 
4. The sum of squares for varieties (ignoring blocks ) IS 
(28.5) 2+ (29.8) 2+ ... + (27.3) 2 
--------9 - --- --'--- cor. 
= 6,478.17 - 6,441.40 = 36.77. 
G. The sum of squares for blocks (eliminating varieties) is 
the total of four components, (a'), (a), (b) and (c). With 
a single repetition of the basic plan, component (a') does 
not exist and there are then only three components. 
Component (a') is the sum of three interactions, one 
from each of the groups X, Y and Z in table 55. Thesr. 
interactions are set X totals by replicates of the X group, 
set Y totals by replicates of the Y group and set Z totals 
by replicates of the Z group. 
X group 
The correction term for the mean of the X group is 
(654.2)2 
cor'=-m--= 2229.05. 
The total sum of squares of blocks is 
(12.9)2+ (14 .3)2+ ... + (15.7)2 
k = 4-------- cor. 
= 2,259.66 - 2,229.05 = 30.61. 
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The sum of squares of the a's is 
(39.4)2+ (37.7)2+ ... + (41.7)2 
pk=12 -cor. 
= 2,240.23 - 2,229.05 = 11.18. 
The sum of squares for replicates of the X group is 
(224.1) 2+ (215.1) 2+ (215.0) 2 • 
----k3= 64-- - - - cor. 
= 2,229.90 - 2,229.05 = 0.85. 
'1'he interaction sum of squares is the total sum of squares 
minus the total of the sum of squares for the a's and for 
replicates and is 
30.61 - (11.18 + 0.85) = 18.58. 
Y gt'OUp 
In a similar manner, the interaction for the Y group is 
29.65 - (9.46 + 6.12) = 14.07. 
Z g1'OUp 
Again in a similar manner, the interaction for the Z group 
is 
10.68 - (2.83 + 0.40) = 7.45. 
The sum of squares for component (a' ) is the sum of the 
three interactions, 
18.58 + 14.07 + 7.45 = 40.10. 
The sum of squares for component (a) is 
~ (A - B') 2 + ~ (B - G') 2 + ~ ( G - A') 2 
2k2p 
(A" - B") 2+ (B" - Gil) 2+ (Gil - A") 2 
2k3p 
where ~ is a summation sign and p is the number of repeti-
tions of the basic plan. In our example, the sum of squares 
for component (a) is 
(-6.8)2+ .. , + (-1.1)2 + (16.4)2+ ..:_:~14.2~+ 
96 96 
(-7.7)2+ ' .. + (-18.2)2 - 5.4)2+(47.2)2+(-41.8)2 
----~--------- 3-84 
= 12.64 - 10.43 = 2.21. 
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The sum of squares for component (b) is 
~ (J+M') 2+ ~ (M+ L') 2+ ~ ( L+J') 2 
6k 2p 
(J"+M") 2+ (M"+ L") 2+ (L"+J") 2 
---= 
6k 3p 
(-17.6)2+ ... + (-27.7)2+ (-1.2)2+ . .. + (2.0)2 
288 
+ (7.3)2+ ... + (30.2)2 _ (-89.0)2+ (36.4)2+ (52.6)2 
. 288 1152 
= 13.65 - 10.43 = 3.22. 
The sum of squares for component (c) is 
~j2+~m2+~l2 J"2+M"2+ L"2 
--6;CP--+ 6k 3p -
~J2 +~J'2+~M2+~M'2+~ £2+~ L'2 
--6k 2p 
(-0.6)2+ (-3.5)2+ ... + (-5.1)2+ (-10.3)2+_(-7.0)2+ 
72 
~ (- 5.9)2+ (8.2)2+ (1.4)2+ ... + (7.6)2 + 
72 
(-36.4)2+ (-52.6)2+ (89.0)2 _, .. (1.4)2~+ (-12.2)2 + 
1152 . - 288 
(-7.9)2+ ... + (-12.2)2+ (-25.2)2+ ... + (-20.3)2 + 
288 
(-19.0)2+ ... + (-15.5)2+ (15.2)2+ ... + (42.4)2+ 
. 288 
(24.0)~+ 288 + C22 .3 )2]=25.10+10.43-25.78=9.75. 
6. The intra-block error sum of squares is obtained by sub-
tracting from the total sum of squares the sums of squares 
for replicates, for varieties . (ignoring blocks ) and com-
ponents (a'), (a), ( b) and (c) and is 
165.12 - (14.32 + 36.77 + 40.10 + 2.21 
+ 3.22 + 9.75) = 58.75. 
The analysis of variance for the cubic lattice design is sum-
marized in table 57. . 
ADJUSTMEN'l'S OF VARIETY 'l'OTALS 
When two or more repetitions of the basic plan are used, 
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TABLE 57. ANALYSIS OF VARIANCE FOR THE CUBIC LATTICE. 
Source of variation Degrees of freedom Sum or square Mean square 
Replicates (r-1) 8 14 .32 
Component (a' ) (k' -l )(r -3) 90 40.10 0.446 
Component (a) 3(k-1) 9 2.21 0.246 
Component (b) 3(k-l) 9 3.22 0.358 
Component (c) 3(k-1)' 27 9.75 0.3Gl 
Blocks (eliminating varieties) r(k2 -1) 135 55.28 0 .409 
Varieties (ignoring blocks) (k3 -1) 63 3G.77 
Error (intra-block) k3(r-1) -rk'+l 369 58.75 0 . 159 ~E" 
Total r"'-l 575 165.12 
components (b) and (c) are not needed to estimate Eb; how-
ever, they are needed in computing the intra-block errol' sum 




J.L= 2Eb +EeJ 
where Eb is the pooled mean square for components (a') and 
(a) and Eo is the intra-block error mean squarc15 • In our 
example, 
0.427-0.159 0.268 
A = 0.427+2(0 .159) 0.745 = 0.360 
0.427-0 .159 0.268 
J.L = 2(0.427)+0.159 = 1.013 = 0 .265 . 
Also, 
iLl '" = 0.066 and 
(A - iL) / k} = 0.0059. 






where E, is the pooled mean square of components (a), (b) and (e) and 
E. is again the intra-block error mean square. 
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These values are now used to compute the quantities a, (3 
and y, 
X-J..l 
a=-:p- (M+ U), 
(1=!-~J..l (L+J') and 
X-J..l 
'Y=k2(J+ M') . 
For each M + L' value in table 56 (b) a corresponding a is 
computed, for each L + J' value a corresponding (3 is computed 
and for each J + M' value in table 56 (a) a corresponding y is 
computed. The first one of each of these quantities is 
a = 0.0059 (-1.2) = - 0.007, 
f3 = 0.0059 (7.3) = 0.043 and 
y = 0.0059 (-17.6) = -0.104. 
'fhe sum of the totals of the a's, (3 's and y's should equal zero, 
. within the limits of rounding. 'l'he corrections cx', cy' and cz' 
are now computed, 
, J..l.+ 
cX=k,J ,,(, 
, . J..l + d c" =k, m a an 
c/ = ~ l + {1 • 
As indicated in table 56, a c:r:' value is computed for each j, a 
cu' value for each ?1L and a c/ value for each l. The y value for 
a given W set is used in computing all of the k = 4 c/ values 
for that set. In set Wi! the first cx' is 
0.066 (- 0.6 ) - 0.104 = - 0.14, 
the second ex' is 
0.066 (-3.5) - 0.104: = - 0.34 and so on. 
In set w z, the first cx' is 
0.066 (- lA) - 0.074 = - 0.17 and so 01l. 
In. the same manner, the (3 value for a; given v set is used in 
computing all of the four co' values for that set. In set Vu the 
first cz' is 
0.066 (8.2) + 0.043 = 0.58. 
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The a values used in computing the cy' values are at the bottom 
of table 56 (a). 'l'he first a value is used in computing the first 
cy' in each of the k = 4 W sets, the second a value is used in 
computing the second cy' in each of the w sets and so on . In 
set W 1 , the first cy' is 
0.066( - 10.3 ) - 0.007 = -0.69, 
in set W 2 , the first cyl is 
0.066( - 0.2) - 0.007 = - 0.02 and so on. 
In set W 1 , the second CVI is 
0.066( - 7.0) + 0.116 = - 0.35 and so on. 
For a check the snm of the cot', the cy' and the cz' values should 
cqua~ zero, within the limits of rounding. In our example, thii; 
slim IS 
- 4.51 - 2.61 + 7.09 = -0.03. 
The adjusted variety totals in table 58 are computed by taking 
TABLE 58. ADJUSTED VARIETY TOTAL YIELDS AND MEAN YIELDS. 
(Variety numbers in boldface type) 
WI w 2 
111 211 311 411 112 212 312 412 
28.25 29.45 30 . 64 28.82 27.79 27.98 28.41 27.62 
3.14 3.27 3.40 3.20 3.09 3.11 3.16 3 . 07 
121 221 321 421 122 222 322 422 
29.04 30.01 31.30 30.66 31.90 30.86 29 .89 28.18 
3.23 3 . 33 3.48 3.41 3.54 3.43 3.32 3 .13 
131 231 331 431 132 232 332 432 
30.35 35.15 27.57 29.67 26.91 27.40 28.26 29.89 
3.37 3.91 3.06 3.30 2.99 3.04 3 . 14 3.32 
141 . 241 341 441 142 242 342 442 
26.56 33.73 30.69 28.42 28 .48 30.44 32 . 74 31.40 
2 . 95 3.75 3.41 3. 16 3.16 3 .38 3.64 3 . 49 
w3 '"4 
113 213 313 413 114 214 314 414 
28.88 27.43 29.49 28.37 30.2.'; 28.57 25.55 34.07 
3.2L 3.05 3.28 3 . 15 3 . 36 3.17 2 .84 3 . 79 
123 223 323 423 124 224 324 424 
28.74 30.16 33.32 30.08 31. 73 33.02 30.00 31.40 
3.19 3.35 3 . 70 3.34 3.53 3 . 67 3 . 33 3.49 
133 233 333 433 134 234 334 434 
29.79 34.54 28.13 29 . 83 32.35 25.97 31 .78 30.82 
3.31 3.84 3.13 3.31 3 .59 2.89 3.53 3 . 42 
143 243 343 443 144 244 344 444 
33.80 31.72 35 . 35 31.78 32.29 31.98 29 . 33 27.10 
3.76 3.52 3.93 3.53 3 .59 3.55 3 .26 3.01 
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the unadjusted variety total in table 56 (a) and adding, alge-
braically, the ex' value for the row in which it appears, the ey' 
value for the column in which it appears and the ez' value in 
table 56 (b) for the column in which that variety appears in 
table 56 (b ) . To illustrate, the adjusted variety total for variety 
] 11 is 
28.5 - 0.14 - 0.69 + 0.58 = 28.25, 
for variety 341 is 
29.8 + 0.01 - 0.24 + 1.12 = 30.69 and 
for variety 223 is 
29.7 - 0.49 + 0.35 + 0.60 = 30.16. 
The sum of the adjusted variety totals should equal the sum of 
t he unadjusted, within the limits of rounding. 
S'L'ANDARD ERRORS OF '.PRE DIFFERENCES BE'rWEEN ADJUSTED 
VARIE'l'Y MEANS 
1. For any number of repetitions of the basic plan, the stand-
ard error of the difference between two variety means that 
have two digits in common in their variety codes, such as 
211-111 and 131-133, is 
~2~.[ 1+2:~ +2(~--1) £J= 
~2 (0.~. 59) [ 1 + 2 (0.0225) + 2 (3) (0.0166) ] = 
VO.03533 (1.1446) = VO.04044 = 0 .201 
2. The standard error of the difference between two variety 
means that have one digit in common in their variety 
codes, such as 122-111 and 314-244, is 
~~~~+(;; - 4) {2J = 
~2 (0.~59) [ 1 + 4 (0.0225) + 8 (~.0166) ] = 
VO.03533 (1.2228) = VO.04320 = 0.208. 
3. The standard error of the difference between two variety 
]4-9 
means that have ]10 digits in common 111 their variety 
codes, such as 222-111 and 432-314, is 
~~J5J9159) [ 1 + 6 (0.0225) + 3 (2) (0.0166) ] = 
VO.03533 (l~346) = VO.04362 = 0.209. 
4. The average standard error of the difference between all 
comparisons is 
. / 2Ee [ I~~I)Jl.]= 
\J l' (k 2+k+1) 
~2(0 . 159)[1+ 6(0~~60) +3(3) (0.26-5-)J= 
9 21-
vO.03533 (1.2164) = VO.04298 = 0.207. 
EFFICTENCY OF THE CUBIC LATTICE DESIGN RELA'£IVE TO 
RANDOMIZED COMPLETE BLOCKS 
If the experiment were arranged in randomized complete 
bJ ocks of k 3 plots the average error variance per plot (E e') 
would be the total of the sum of squares for components (a'), 
(a), (b) and (c) and the intra-block error divided by the cor-
responding degrees of freedom. 
E' = 40.10+ 2.2~. + 3.22+ 9.75+ 58_:.1 5 = 0226 
• 90+9+9+27+369 .. 
For the cubic lattice design the average effective variance per 
plot is 
[ 6A+3(k-1)Jl.] Ee 1 + (k 2 +-k + 1) -- = 0.159 (1.2164) = 0.193. 
Thus the efficiency of the cubic lattice design relative to ran-
domized complete blocks is 
0.226 
0.193 = 117 percent. 
COEFFICIENT OF VARIATION 
The coefficient of variation per plot of the cubic lattice ex-
periment is the average effective standard error per plot divided 
by the mean per plot, 
VO.193 = 0.44.2.= 13 2 percent. 
3.34 3.34 . 
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CALCULATIONS USING PUNCHED CARD MACHINES 
CODING DA'I'A AND PUNCHlNG CAfWS 
For each plot a card is pnnched showing the character OJ' 
c11aracters that are to be analyzed. Also, each card must be 
coded so that the required tabulations can be made. 
The variety code, H, v and w, must be punched on each card 
as well as the replicate number and the group code. 'rhe coding 
of the varieties has been explained previously. To code the 
group, all the cards in the X group are punched 1, · in column 
12, those in the Y group 2 and those in the Z group 3. 
Figure 7 shows the code card used for punching the data for 
the illustration used. The variety code is punched in columns 
7, Sand 9 which are referred to as tt, v anil w respectively. 
A number of the calculations required for the analysis of 
variance of a cubic lattice design can be made with a calculat-
ing machine in less time than with a tabulating machine. These 
additional computations are given in detail on certain of the 
tabulating machine sheets. 1'he formulas required are re-
peated; however, it is best to check carefully with the instruc-
tions given for the calculating machine until sufficient experi-











SORTING AND 'I'ABULA'L'ING PROCEDURE 
Operation 
Sort on group number, column 12, and keep 
the X, Y and Z groups separate. 
Take only the cards in the X group and sort 
on replicate number, column 1. 
Major control on group number, column 12, 
and minor control on replicate number, column 
1 and tabulate the yields, columns 10 and 11. 
The major control will give the X group total 
and the minor control the totals for the three 
replicates in the X group. See table 59. 
Sort on v . 
Control on v and tabulate the k = 4 A' values. 
See table 60. 
Sort on w. 
Control on wand tabulate the yield to get the 
k = 4 A values. See table 61. 
Major control on v and wand minor control 
~ .; o »0 
'" '" 
~ ~;;;:; 
., ~ ~ 
Po Po o h '" ~ X ~ = 0 
'" '" 
0. > U 
o p 0 000 ~ 0 0 
1 3 4. 5 6 J I I 
1 1111 111 
H2 ~22 ~22 
3 ~ 3 3 3 3 ~ 3 3 
4 4~ 44 ~44 
5p 5 5 5 5 5 5 
& ~ 6 666 666 
7 7777 777 
a ~ 8 888 8 8 8 
9 ~ 9 999 ~ 9 9 
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TABLE 59. TABULATION, STEP 3. (REPLICATE TOTALS FOR THE 
X GROUP, TABLE 55.) 
Replicate Group Card Replicate Card Group X 
no. no. count tota ls count tota l 
1 1 0011 1 0011 
1 2 1 0001 1 0001 
3 1 64 2241 
4 1 64 2151 
8 1 64 2150 192 6542 
TABLE 60. TABULATION, STEP 5. (A' VALUES, TABLE 56.) 
Group v Card A' Card A" 
no. count values count values 
1 1 0011 1 0011 
2 8 1 0001 1 0001 
1 1 48 1572 
1 2 48 1662 
1 3 48 1635 
1 4 48 1673 192 6542 
TABLE 61. TABULATION, STEP 7. (A· VALUES FROM TABULATOR, 
A-B' AND J VALUES ARE COMPUTED AS IN TABLE 56.) 
Group tv A-B" J Card A Card A" 
no. (i-SA) t count values count values 
1 1 0011 1 0011 
2 1 0001 1 0001 
1 1 -6.S 1.4 48 1591 
1 2 -2.0 - 3. S 48 1560 
1 3 4.5 -22.3 48 1723 
1 4 -1.1 -12.2 48 1668 192 654 2 
A."-B" -5.~ J" -86 .. ~ 
• B' values from table 64. 




on replicate number and tabulate the yield. 
The major control will give the k2 = 16 ({ 
yalues and the minor control the block totals 
for the replicates in the X group. See table 62. 
Takc only the cards in the Y group and sort 
on replicate number. 
Major control on group number and minol' 
control on replicate Ilumber and tabulate the 
yield. The major control will give the Y group 
total and the minor control the totals for the 
three replicates in the Y group. See table 63. 
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TABLE 62. TABULATION, STEP 8. (BLOCK TOTALS FOR THE X 
GROUP AND THE a VALUES, TABLE 55.) 
Experi- Group vw · Repli- CaI'd Block Card a Card ' SetX 
ment no. cate count totals count values count total 
no. no. 
1 00 1 011 1 0011 1 0011 
2 89 1 1 001 1 0001 1 0001 
2 1 11 3 4 129 
2 1 11 4 4 136 
2 1 11 8 4 129 12 0394 
2 1 21 3 4 134 
2 1 21 4 4 140 
2 1 21 8 4 145 12 0419 
2 1 31 3 4 135 
2 1 31 4 4 134 
2 1 31 8 4 125 12 0394 
2 1 41 3 4 123 
2 1 41 4 4 150 
2 1 41 8 4 111 12 0384 
2 1 12 3 4 143 
2 1 12 4 4 106 ' 
2 1 12 8 4 128 12 0377 
2 1 22 3 4 149 
2 1 22 4 4 125 
2 1 22 8 4 138 12 0412 
2 1 32 3 4 123 
2 1 32 4 4 116 
2 1 32 8 4 146 12 0385 
2 1 42 3 4 125 
2 1 42 4 4 123 
2 1 42 8 4 138 12 0386 
2 1 13 3 4 116 
2 1 13 4 4 147 
2 1 13 8 4 103 12 0366 
'2 1 23 3 4 167 
2 1 23 4 4 127 
2 1 23 8 4 133 1 2 0427 
2 1 33 3 4 146 
2 1 33 4 4 148 
2 1 33 8 4 150 1 2 0444 
2 1 43 3 4 185 
2 1 43 4 4 141 
2 1 43 8 4 160 12 0486 
2 1 14 3 4 132 
2 1 14 4 4 156 
2 1 14 8 4 14 7 12 0435 
2 1 2'1 3 4 134 
2 1 24 4 4 144 
2 1 24 8 4 126 12 0404 
2 1 34 3 4 164 
2 1 34 4 ·1 13 4 
2 1 34 8 4 114 12 0412 
2 1 44 3 4 136 
2 1 44 4 4 124 
2 1 H 8 4 157 12 0417 19 2 6542 
TABLE 63. . TABULATION, STEP 10. (REPLICATE TOTALS FOR THI~ 
Y GROUP, TABLE 55.) 
Replicate Group Card Replicate Card Group r 
no. no. count totals count total 
1 1 0011 1 0011 
1 1 0001 1 0001 
1 64 2352 
6 64 2166 






















Sort on w. 
Control on wand tabulate the yield to get the 
k = 4 B' values. See table 64, 
Sort on n. 
Control on u and tabulate the yield to get the 
k = 4 B values. See table 65. 
Major control on u and wand minor control 
on replicate number and tabulate the yield. 
The major control will give the k 2 = 16 b 
values and the minor control the block totals 
for the replicates in Y group. See table 66. 
Take only the cards in the Z group and sort on 
replicate number. 
Major control on group number and minor 
control on replicate number and tabulate the 
yield. The major control will give the Z group 
total and the minor control the totals for the 
three replicates in the Z group . See table 67. 
Sort on n . 
Control on u and tabulate the yield to get the 
k = 4 0' values. See table 68. 
Sort on v. 
'.rABULATION, STEP 12. (B' VALUES, TABLE 56. ) 
Card B' Card B" 
count values count values 
1 0011 1 0011 




48 1679 192 6596 
I'ABLE 65. TABULATION. STEP 14. (B VALUES FROM -TABULATOR, 
B-C' AND M VALUES ARE COMPUTED AS IN TABLE 56.) 
'}roup u B-C'* M Card B Card B" 
no. (g-SB)t count values count values 
1 1 0011 1 0011 
2 7 1 0001 1 0001 
2 1 16.4 - 25.2 48 1687 
2 " 2 11.1 - 6.8 48 1638 
2 3 5.5 - 0.8 48 1601 
? 4 14.2 -20.S 48 1670 192 6596 
B"-C" 47.2 M"-52.6 
* C' values from table 68. 
t !J values from table 72. 
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TABLE 66. TABULATION. STEP 15. (BLOCK 'l'OTALS FOR 'l'HE Y 
GROUP AND 'l'RE b VALUES. TABLE 55.) 
l;::xper;- Group 1tlV Repli- Card Block Card b Card Set Y 
ment no. cate count totals count values count total 
no. no. 
1 00 1 011 1 0011 .1 0011 
3 2 79 1 1 001 1 0001 1 0001 
2 2 11 1 4 149 
2 2 11 6 4 139 
2 2 11 7 4 131 12 0419 
2 2 12 1 4 125 
2 2 12 6 4 148 
2 2 12 7 4 107 12 0380 
2 2 13 1 4 155 
2 2 13 6 4 146 
2 2 13 7 4 119 12 0420 
2 2 14 1 4 171 
2 2 14 6 4 145 
2 2 14 7 4 152 12 0468 
2 2 21 1 4 175 
2 2 21 6 4 147 
2 2 21 7 4 128 1 2 0450 
2 2 22 1 4 142 
2 2 22 G 4 122 
2 2 22 7 4 138 12 0402 
2 2 23 1 4 143 
2 2 23 G 4 144 
2 2 23 7 4 110 12 0397 
2 2 24 1 4 133 
2 2 24 6 4 125 
2 2 24 7 4 131 12 0389 
2 2 31 1 4 130 
2 2 31 6 4 142 
2 2 31 7 4 145 1 2 0417 
2 2 32 1 4 135 
2 2 32 6 '4 131 
2 2 32 7 4 117 12 0383 
2 2 33 1 4 159 
2 2 33 6 4 107 
2 2 33 7 4 148 12 0414 
2 2 34 1 4 135 
2 2 34 6 4 113 
2 2 34 7 4 139 12 0387 
2 2 41 1 4 138 
2 2 41 6 4 132 
2 2 41 7 4 103 1 2 0373 
2 2 42 1 4 150 
2 2 42 6 4 135 
2 2 42 7 4 130 12 0415 
2 2 43 1 4 168 
2 2 43 6 4 135 
2 2 43 7 4 144 12 0447 
2 2 44 1 4 144 
2 2 44 6 4 155 
2 2 44 7 4 136 12 0435 192 6596 
TABLE 67. · TABULATION. STEP 17. (REPLICATE TOTALS FOR 'l'HE 
Z GROUP. TABLE 55.) 
Replicate Group Card Replicate Card Gronp Z 
no. no. count total count total 
1 1 0011 1 0011 
1 2 1 0001 1 0001 
2 3 64 2050 
5 3 64 2072 
9 3 64 2002 192 6124 
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TABLE 68. TABU LATION, STEP 19. (G' VALUES, 'rABLE 56.) 
Group it Card G' Card G" 
no. count values count values 
1 1 0011 1 0011 
2 7 1 0001 1 0001 
1 48 1 523 
2 48 1527 
3 48 1546 
4 48 15 28 192 6124 
'rABLE 69. TABULATION, STEP 21. (G VALUES FROM TABULATOR, 
G-A' AND L VALUES ARE COMPUTED AS IN TABLE 56.) 
Group v G-A" L Card G Card G" 
no. (h-Se) t count values count values 
1 0011 1 0011 
2 0001 1 0001 
3 1 - 7.7 15.2 48 1495 
3 2 - 7.1, 15.5 48 1588 
3 3 - 8.5 15.9 48 1550 
3 4 - 18.2 42.4 48 1491 192 6124 
G"-A" - 41.8 L" 89.0 
, .A' values from table 60. 










(type 513 ) 
Control on v and tabulate the yield to get the 
k = 4 C values. See table 69. 
Major control on u and v and minor control 
on replicate number and tabulate the yield. 
The major control will give the k 2 = 16 c 
values and the minor control the block totals 
for the replicates in the Z group. 'See table 70. 
Take all of the l'k 3 = 576 cards and sort on w, 
1) and then it. 
Control on u, v and wand tabulate the yield 
to get the variety totals. See table 71. If a 
reproducing summary punch is available, sum-
mary punch the variety totals on columns 15, 
16 and 17 and the variety code on columns 7, 
8 and 9 on a set of additional cards (variety 
summary cards), If one is not available, the 
variety totals and identification may be punch-
ed by hand on a set of cards, This is not abso-
lutely necessary; however, a set of variety 
summary cards will save time, particularly 
when k is larger than 4. 
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TABLE 70. TABULATION, STEP 22. (BLOCK TOTALS FOR THE 7-
GROUP AND THE c VALUES, TABLE 55.) 
~xperi- Group 1tV Repli- CaI'd Block Card c Card Set Z 
ment no. cate count totals count values count total 
no. no. 
1 00 1 011 1 0011 1 0011 
2 n 1 1 001 1 0001 1 0001 
2 3 11 2 4 115 
2 3 11 5 4 114 
2 3 11 9 4 129 12 0358 
2 3 21 2 4 . 116 
2 3 21 5 4 122 
2 3 21 9 4 137 12 0375 
2 3 31 2 4 146 
2 3 31 5 4 133 
2 3 31 9 4 098 12 0377 
2 3 41 4 137 
2 3 41 5 4 136 
3 41 9 4 112 12 0385 
3 12 4 142 
2 3 12 5 4 147 
2 3 12 9 4 129 12 0418 
2 3 22 2 4 125 
2 3 22 5 4 133 
2 3 22 9 4 123 12 0381 
2 3 32 2 4 136 
2 3 32 5 4 147 
2 3 32 9 4 125 12 0408 
2 3 42 2 4 120 
2 3 42 5 4 129 
2 3 42 9 4 132 12 0381 
2 3 13 2 4 126 
2 3 13 5 4 122 
2 3 13 9 4 130 12 0378 
2 3 23 2 4 128 
2 3 23 5 4 129 
2 3 23 9 4 130 12 0387 
2 3 33 2 4 131 
2 3 33 5 4 144 
2 3 33 9 4 118 12 0393 
2 3 43 2 4 130 
2 3 43 5 4 133 
2 3 43 9 4 129 12 0392 
2 3 14 2 4 123 
2 3 14 5 4 116 
2 3 14 9 'I 130 12 0369 
2 3 24 2 4 132 
2 3 24 5 4 122 
2 3 24 9 4 130 12 0384 
2 3 34 2 4 124 
2 3 34 5 4 119 
2 3 34 9 4 125 12 0368 
2 3 44 2 4 119 
2 3 44 5 4 126 
2 3 44 9 4 125 12 0370 192 6124 
TABLE 71. TABULATION, STEP 24. (VARIETY TOTALS, TABLE 56.) 
l!~xperiment Variety Variety Card Grand Card 
no. code totals count total count 
11 1 0011 1 
3 789 1 1 0001 1 
2 111 285 9 
2 112 274 9 
2 113 285 9 
2 443 328 9 
2 444 273 9 19262 64 
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TABLE 72. TABULATION, STEP 26. (g VALUES FROM TABULATOR, 
L', M + L' AND it ARE COMPU'neD AS IN 'l'ABLE 56.) 
1£ L' M+J,'t cr Card 9 Card Grand (g-30')' ("1\-1-') (M+L') count values count total 
~ 
1 0111 1 0111 
7 1 0567 1 0567 
1 24·0 -1.2 -.001 16 4809 
2 26.5 19.1 .116 16 4846 
3 16.2 15.9 .09. 16 4800 
4 22.S 2.0 .012 16 4807 64 19262 
L" 89.0 M"+L" 36.4 
• 0' values from table 68. 
t At values from table 65. 
TAB[,E 73. TABULATION, STEP 28. (It VALUES FROM '.rABULATOR, 
J', L+J' AND f3 ARE COMPUTED AS IN TABLE 56.) 
J' L+J't f3 Card h Card Grand 
v (h-3A')' ("1\-1-') (L+J') count values count total 
~ 
1 0111 1 0111 
8 1 0567 1 0567 
1 -7.9 7.S .043 16 4637 
2 - 6.7 8.8 .052 16 4919 
3 -9.6 6.S .037 16 4809 
4 -12.2 30.2 .178 16 . 4897 64 19262 
J" -S6.4 L"+J" 52.6 
• A' values from table 60. 
t L values from table 69. 
All of the ol'iginal cards 01' only the va1'iety wmmal'y cal'ds1G 
25. Sorter Sort on u. 








k = 4 g values. See table 72. 
Sort on v. 
Control on v and tabulate yield to get the 
k = 4 It values. See table 73. • 
Control on u and v and tabulate yield to get 
the k2 = 16 f values. See table 74. 
Sort on w. 
Control on wand tabulate yield to get the 
k = 4 i values. See table 75. 
Control on v and w to get the k2 = 16 d values. 
See table 76. 
Sort on u. 
,. In ·\his example. the variety summar~' '!ards were used. 
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TABLE 74. TABULATION, STEP 29. (f VALUES FROM THE TABU-
LATOR, AND 1 VALUES ARE COMPUTED AS IN TABLE 56.) 
1 Lt Card ! Card Grand 
vu (/-30) • count values count total 
1 0111 1 0111 
87 1 0567 1 0567 
11 8.2 4 1156 
12 1.4 4 1139 
13 1.2 4 1143 
14 4.4 15.2 4 1199 
21 - 1.2 4 1242 
22 8.1 4 1226 
23 2.0 4 1244 
24 6.4 15.5 4 1207 
31 6.9 4 1203 
32 6.S 4 1224 
33 - 1. 2 4 1167 
34 8.9 15.9 4 1215 
41 10.1 4 1208 
42 10.5 4 1257 
43 14.2 4 1246 
44 7.6 42.4 4 1186 64 19262 
L" 89.0 8Di 
• C values from t a ble 70. 
t L values are obtained by adding the 1 values on the v control. This se rves 
as a check on the L values computed in t a ble 65. 
TABLE 75. TABULATION, STEP 31. (i VALUES FROM THE TABU-













J +M't y Card i Card Grand 
(A-tt) (J+M') count values count total 
J<2 
1 0111 1 0111 
1 0567 1 0567 
- 17.6 -.104 16 4787 
-H.6 -.074 16 4647 
-81.1 -.188 16 4946 
-27.7 -.168 16 4882 64 19 262 
J"+M"-89.0 
• B' values from table 64. 
t J values from table 61. 
34. 'rabulator Control on u and w to get the k2 = 16 e values. 
See table 77. 
CALCULA'l'IONS FOR 'l'HE ANALYSIS OF VARIANCE 
The procedure for getting sum of squareS with a-tabulating 
machine is given under steps 18 and 19 of the punched card 
machine instructions for the triple lattice design. The progres·· 
sive totals to get the total sum of squares are given in table 78. 
The variety summary cards are used to , get the progressive 
totals, in table 79, needed to compute the variety sum of squares. 
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TABLE 76. TABULATION, STEP 32. (d VALUES FROM THE TABU-






































J" -36.4 -36.4 



















































t J values are obtained by adding the j values on the tv control. 'fhis 
serves as a check on the J values computed in table 61. 
TABLE 77. TABULATION, STEP 34. (e VALUES FROM THE TABU-









































M" -52.6 -52.6 



















































t M values are obtained by adding the 1n values on the It control. This 
serves as a check on the M values computed in table 65 . 
As stated previously, the additional sums and differences not 
obtained from the tabulating machine are made with a calcu-
lating machine and are given on the indicated tabulating ma-
chine sheets. If the formulas on the machine sheets are not 
J 
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TABLE 78. PROGRESSIVE TOTALS FOR TOTAL SUM OF SQUARES 
FOR CUBIC LATTICE EXPERIMENT. 
Progressive totals 
Digits Yield SUIns· Card 
count 
1 11 1 
1 01 1 
Units 
9 2105 65 
8 414.3 126 
7 5964 179 
6 7766 231 
5 9806 291 
4 11674 348 
3 13496 402 
2 15336 457 
1 17192 "8748 :e~ 513 
19262 576 
Tens 
5 53 1 
4 3167 74 
3 15606 440 
2 19229 574 
1 19262 57817 X 10 576 
6606.52t 
• The progressive totals opposite the zero digits are not included in the 
sunlS. 
t Division by 100 is made because the yields pel' plot are given in tenths. 
clear, refer to the instructions for the calculating machine. The 
adjustments for variety totals are given in table 80. 
The sums of squares for the analysis of variance, with the 
exception of thosc for the total and for Yarieties, . are computed 
from the tabulating machine sheets following the instrnctions 
given preyiously for the calculating machine . 
. \DJt:STMENTS OF YARIE'l'Y TO'l'ALS 
'rhe original cal'ds punched for one of the X replicates, one 
vi the Y replicates and one of the Z replicatcs are used to punch 
tllc adjnstments ex', cu' and 0/ for the variety totals. These 
cards ha\"e uuused columns and are used rather than punching 
three ncw sets of cards, one for each group, with the variety 
code. In our example, the cards for replicates 1, 2 and 3, were 
used, 
Replicate 3, X grot~p 
35. Sorter Take the cards for replicate 3 and sort on n . 
Fse only the cards that have a 1 pUl1ched in 
the 'n column, number 7. There will be k2 = 16 
of these cards, Take t.hese master cards and 
sort on v and then on w. This operation gives 
the cards for the first variety for each of the 
162 
TABLE 79. PROGRESSIVE TOTALS FOR VARIETY SUM OF SQUARES 
FOR CUBIC LATTICE EXPERIMENT. 
Progressive totals 
Digits Yield Sums' Card 
count 
1 111 1 
7 567 1 
Units 
9 1884 6 
8 3116 10 
7 5779 19 
6 6913 23 
5 8988 30 
4 11644 39 
3 13109 44 
2 15917 53 
1 17392 8474£ 58 
19262 64 
Tens 
9 2948 10 
8 5793 20 
7 7720 27 
6 878 1 31 
5 9387 33 
4 10772 37 
3 11438 39 
2 13709 46 
1 16523 87071 X l0 1)5 
19262 64 
Hundreds 
3 10225 32 
2 19262 64 
19262 48749 X 100 64 
58903.52t 
58803.52 = 6478.17 
SU:~he progressive t otals opposite the zero digits are not Included II?- the 
t Division by 100 is made because the yields per plot are given In tenths. 
36. Punch 
blocks (rows) in table 56(a) 'and places them 
in the order that the blocks are given. In the 
next operation the corresponding e./ correc-
tions are punched on these master cards. 
The first ex' correction in table 80 is punched 
on the first card, the second on the second card 
and so on in columns 16, 17 and 18. 'l'hesc 
columns are chosen because they have not been 
used previously and because the cOl'rectiom 
must be aligned. with the columns that were 
used on the variety summary cards to sum-
mary punch' the variety totals. The unadjusted 
variety totals are carried to one decimal place 
~~. - ,- .\:~" "" 
TABLE 80. TABLE OF cx'. cy' AND cz' CORRECTIUN VALUES FOR THE PUNCHED CARD METHOD . 
Group X Group Y Group Z 
w j(P/k) * 'Yt c ' x u w m(l'/k) * at C ' y u I (I'/k) * (jt c ' z 
-.040 -.104 .14 - .680 - . 007 .69 .541 .043 .58 
2 - . 231 -.104 .34 2 - . 013 -.007 . 02 2 . 092 . 043 .14 
3 . 251 - . 104 .15 3 -.231 -.007 . 24 3 . 079 . 043 .12 
4 .112 -.104 . 01 4 - . 739 -.007 .75 4 .290 . 043 .33 
2 - .092 - . 074 .17 2 -.462 .116 .35 2 - . 079 .052 .03 
2 2 -.172 - . 074 .25 2 2 -.310 . 116 .19 2 2 .548 . 052 .60 
3 2 -.185 - . 074 . 26 2 3 . 231 .116 .35 2 3 .132 . 052 .18 
4 2 .231 -.074 .16 2 4 . 092 . 116 .21 2 4 .422 .052 .47 
,... 
0> 
"" 3 .224 183 .04 3 -.330 . 094 .24 3 .455 .037 .49 
2 3 - .310 183 .49 3 2 . 165 . 094 .26 3 2 .416 . 037 .45 
3 3 - . 574 - . 183 .76 3 3 .132 . 094 .23 3 3 - . 079 . 037 .04 
4 3 - .812 -.183 -1.00 3 4 .013 . 094 . 11 3 4 .257 . 037 .29 
4 -.614 - . 163 .78 4 . 218 .012 .23 4 .667 . 178 .84 
2 4 . 271 -.163 .11 4 2 -.455 . 012 .44 4 2 .693 . 178 .87 
3 4 - . 125 - . 163 . 29 4 3 ' -.713 .012 . 70 4 3 . 937 .178 1.12 
4 4 - .337 - . 163 . 50 4 4 -.389 .012 .38 4 4 .502 . 178 .68 
-2 . 403 -4 . 51 -3.471 -2.61 5.873 7.09 
* j values from table 76. m values from table 77 and I values from table 74 . 











and 1he corrections are carried to two decimal 
places. Consequently, the 'tmadjusted variety 
totals are punched on columns 15, 16 and 17 
and the coq'ections on columns 16, 17 and 18. 
Also, on each of the cards on which the cx' 
corrections are punched, the X position is 
punched in column 19, which has not been 
used previously. In addition, on each card for 
which the correction is negative, the X posi-
tion is punched also in colunm 20.17 
'rake the k2 = 16 master cards used in opera-
tion 36 and place behind them the remaining 
k2 (k - 1) = 48 cards for replicate 3 from stell 
35 . Sort on v and then on w. '1'his sorts the 
yarieties by blocks in the X group placing the 
master card for each block in front of the re-
maining (7.: - 1) = 3 varieties in each block. 
'1'he correction which has been punched on the 
master card for each block will be gang punch-
ed on the remaining (k - 1) = 3 cards in each 
block. 
The gang summary puneh is set to gang punch 
co lumns 16, 17 :md ] 8 and column 20 and is set 
to clear on the X position in column 19. Gang 
punch columns 16, 17, ] 8 and 20, which have 
been punched on the master card for each 
block in the X group, on the r emaining (k- 1! 
= 3 cards in each block. The cy ' correctiom 
for th e Y grouping and the c/ for th e Z group-
ing are punched in the same lY!anner as the c,,' 
corrections and the directions are given in less 
detail. 
Replicate 1, Y g1'OUP 
39. Sorter Take the cards for replicate 1 and sort on v. 
Use only the k2 = 16 cards that have a 1 
punched in the v column and sort on wand 
then u. In the next operation these k 2 = Hi 
cards are the master cards on which the cy' 
corrections are punched. 
40. Punch The first cy' correction in table 80 is punched 
on the first card, the second on the second card 
and so on in columns 16, 17 and 18. Also, on 
17 For an alternate method of handling negative numbers see steps 10 "and 
14 of the punched card machine Instructions for the lattice square design ' 











each of the cards on which these corrections 
are punched, the X position is punched in 
column 19. In addition, on each card for which 
the correction is negative, the X position is 
pun hed also in column 20. 
Take the k2 = 16 master cards used in opera-
tion 38 and place behind them the remaining 
,,2 (k - 1) = 48 cards for replicate 1. Sort on 
10 and then 1k 
The gang summary punch is set to gang punch 
columns 16, 17, 18 and 20 and is set to clear 
on the X position in column 19. Gang punch 
columns Ill, 17, 18 and 20, which have been 
punched on the master card for each block in 
the Y group, on the remaining (k - 1) = ~ 
cards in each block. 
Replicate 2, Z g1'01~p 











Use only the 1£2 = 16 cards that have a 1 
punched in the w column and sort on 1L and 
then v. In the next operation these 1£2 = 16 
cards are the master cards on which the co' 
corrections are punched. 
The first c/ correction in table 80 is punched 
on the first card, the second on the second card 
and so on in columns 16, 17 and 18. Also, on 
each of the cards on which these corrections 
are punched, the X position is punched in 
column ]9. In addition, on each card for 
which the correction is negative, the X posi-
tion is punched in column 20. 
Take the k2 = 16 master cards used in opera-
tion 44 and place behind them the remaining 
k 2 (k - 1) = 48 cards for replicate 2. Sort on 
1L and then v. 
The gang summary punch is set to gang punch 
columns 16, 17, 18 and 20 and is set to clear 
on the X position in column 19. Gang punch 
columns 16, 17, 18 and 20, which have beCl~ 
punched on the master card for each block in 
the Z group, on the remaining (k - 1) = 3 



























Replicates 1, 2 and 3 and the va1'iety summary cards 
47. Sorter 
48. Tabulator 
Take the variety summary cards obtained in 
step 24, the cards for replicate 3 with the cx' 
corrections, the cards for replicate 1 with the 
cu' corrections and the cards for replicate 2 
with the co' corrections and sort on w, then v 
and then u. This sorts the cards by variety 
code numbers. 
Control on u, v and wand set the tabulator to 
subtract when the X position is punched in 
column 20. Tabulate the yield. This will give 
the le3 = 64 adjusted variety totals. See table 
81. 
ADDITIONAl, LATTICE DESIGNS 
In the previous sections, punched card and calculating ma-
chine -procedures with actual examples have been given for 
computing the data from the more commonly used lattice de-
signs. For the punched card machines used, these procedures 
include most of the principles involved in computing the data 
hom experiments using other lattice designs, as well as other 
experimental designs. Given the method of analysis, these 
principles can be adapted rather easily to make the required 
computations. For illustration, the procedures of computations 
of data from quadruple lattice, quintuple lattice and similar 
lattices of higher order and from experiments duplicating these 
designs are indicated without using data from actual examples. 
For other lattice designs references are given presenting the 
method of analysis. 
J 
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QUADRUPLE LATTICE, QUINTUPLE LATTICE AND HIGHER 
ORDER LATTICE DESIGNS 
The method of analysis of the quadruple lattice and quintuple 
lattice designs is given by Cochran and Cox (4) and Goulden 
(8). It is repeated briefly here to indicate the use of the 
punched card method. 
The calculations required are similar to those for the lattice 
square design with (k + 1) / 2 replicates with the exception that 
the rows become blocks and with the elimination of column 
totals, V c, M and Ce'. 
As always, a table is prepared with the plot yields. Calcu-
late the block and replicate totals and the grand total. Also, 
calculate the variety totals. 
For each block, compute Vb similar to V,. in the lattice square 
design with (k + 1) / 2 replicates, 
1\ = (sum of the total yields of all the varieties 
which appear in the block). 
The sum of the Vb values for each replicate should equal the 
grand total. 
Next, compute L' comparable to L, 
L' = Vb - l' (block total ), where j. is the total 
number of replicates. 
Sum the L' values for each replicate. The total of these sums 
should equal zero. 
The total sum of squares and the sum of squares for repli-
cates and varieties (unadjusted) are computed in the usual 
way. The sum of squares for blocks (adjusted for varieties) 
with jo ( k - 1 ) degrees of freedom is 
(sum of sqilares of L' values ) 
rk (n-l) 
(sum of squares of the replicate totals of the L' values ) 
1'k2 (n - 1) 
'l'he intra-block error sum of squares is obtained by subtraction. 
The weighting factor is 
Eb-Ee 
/l = k(n-l)E-;;' 
where E b is the mean square for blocks (adjusted for varieties), 
11 (r in these designs ) is the number of' replicates in the basic 
plan and E o is the intra-block error mean square. 
1G8 
The correction value Ch' for cach block is computed by multi-
plying each L' value by /-'-. The adjusted variety total for a 
treatment is the unadjusted total plus the Cb' value for each 
block in whieh the variety appears. There will be 'I" of these 
corrections. 
The standard error of the difference between two adjusted 
Yariety means occurring in the same block in one of the groups is 
where Ee is the intra-block error mean square, 'I" is the total 
number of replicates and n is the total number of replicates in 
the basic plan. When using' a single replicate of the basic plan, 
1" = n. 
The standard error of the difference between two adjusted 
yariety means . that do not occur together in a block in any 
group .is 
The average standard error of the difference between two 
adjusted variety means is 
. /2EeI nkJ1. ] \j-' r- l+Ck +l) . 
Notice that these formulas for the standard errors of the dif-
ference between two variety means are the same as those given 
for the simple and triple lattice designs except that the actual 
value of n was used in the latter two desigi,1s. As shown by 
Goulden (8) and Cochran and Cox (4), a uniform method of 
analysis is used for the simple lattice, triple lattice and so on 
including the balanced lattice, except that for the balanced lat-
tice a few simplifications are possible. Also, there is a striking 
amount of similarity in the method of analysis of these designs 
with that 0:1:' the cubic lattice and the lattice square designs. 
To use the punched card method for making the calcuiations, 
follow the directions given for the lattice square with (If + 1) / 2 
replicates omitting steps 7, 8, 11 and 12, which involve the 
columns. In step 14 there is only one correction co' instead 
of the two, C,.' and cc'. 
DUPLICATIONS OF THE QUADRUPLE LATTICE, QUINTUPLE 
LATTICE AND HIGHER ORDER LATTICE DESIGNS 
The computational procedure for both the punched card and 
calculating machine method for more than one repetition of 
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the basic plan of the quadruple lattice, quintuple lattice and 
higher order lattice designs is the same as that given for the 
triple lattice except that the number of replicates in the basic 
plan is larger. For the quadruple lattice there are four repli-
cates in the basic plan, for the quintuple lattice five and so on. 
A comparison of the analysis of a quadruple lattice to that 
of a triple lattice is similar to a comparison of the analysis of 
a triple lattice, with three replicates in the basic plan, to that 
of a simple lattice, with two replicates in the basic plan. Com-
ponent (a) will be the sum of four interactions instead of three 
as in the triple lattice ; there will be four sets of corrections to 
get the adjusted variety totals instead of three and so on. 
To compute p. and the standard errors of the difference be-
tween two adjusted variety means, use the general formulas 
given for the quadruple lattice, quintuple and higher order lat-
tice designs. If the pooled mean square of components (a) and 
(b) is used to estimate E b, 
_~Eb-Ee_) __ 
p.- k [p(n-l)Eb+(p-l)EeJ 
'1nd if component (a.) alone is used 
Eb-Ee 
J.L= k [(n-l)Eb+Eel 
These formulas again are the same as those for the triple lat-
tice except that (n -1) for the general case is used instead 
of 2. 
OTHER LATTICE DESIGNS 
The method of analysis for duplications of the balanced lat-
tice design and the lattice square designs with 2 (k + 1) repli-
cates is given by Cochran and Cox (4). Some additional lattice 
square designs that are similar to the balanced lattice square 
designs developed by Yates (18), except that a smaller number 
of replicates are used, are given by Cochran (3). 
Frequently the same lattice experiment is repeated at several 
locations or for a number of years or both. Thoug·h a combined 
single analysis of variance can be computed rather easily, the 
proper use of tests of significance often presents additional prob-
lems. For a discussion of these problems, see Yates and Coch-
ran (20) and Cochran and Cox (4 ) . 
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